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CONSTITUTION AND BY-LAWS

Society of Motion Picture Engineers—May 4, 1922

Name
1. The name of this association shall be Society of Motion

Picture Engineers.

Objects

2. Its object shall be: Advancement in the theory and practice

of motion picture engineering and the allied arts and sciences, the
standardization of the mechanisms and practices employed therein,

and the maintenance of a high professional standing among its

members.

Membership

3. The membership of the Society shall consist of Pioneer
Members, Honorary Members, Active Members and Associate
Members. A Pioneer Member is defined as one who was in the art

as a principal fifteen years or more antedating the time of the organi-

zation of this Society; and Honorary Member as one who has been
actively engaged in designing, developing or manufacturing materials,

mechanisms or processes used in this or allied arts for more than ten
years; an Active Member as one who shall not be less than 25 years
of age and shall be:

(a) A motion picture engineer by profession. He shall

have been in the practice of his profession for a period of at

least three years and shall have taken responsibility for the
design, installation or operation of systems or apparatus per-

taining to the motion picture industry.

(b) A person regularly employed in motion picture or

closely allied work, who by his inventions or proficiency in

motion picture science or as an executive of a motion picture

enterprise of large scope, has attained a recognized standing
in the motion picture art. In the case of such an executive,

the applicant must be qualified to take full charge of the

broader features of motion picture engineering involved in

the work under his direction.

An Associate Member as one who shall not be less than 21

years of age, and shall be a person who is interested in or connected
with the study of motion picture technical problems or the applica-

tion of same.

Eligibility

4. Any person of good character may be a member in any or all

classes to which he is eligible.
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Prospective members for Active Membership shall be recom-
mended in writing by at least two Active members in good standing,

and for Associate Membership by at least one Active member in

good standing, and may be elected only by the unanimous vote of the

members of the Board of Governors in session.

Applications

5. All applications for membership or transfers shall be made
on blank forms provided for the purpose, and shall be accompanied
by the required fee.

The entrance fee shall be thirty-five dollars ($35.00) for admis-

sion to the grade of Active Member, and ten dollars ($10.00) for

admission to the grade of Associate Member.
The transfer fee from Associate to Active grade shall be the

difference between the admission fee or twenty-five dollars ($25.00).

The annual dues shall be twenty dollars ($20.00) for Active
Members, and ten dollars ($10.00) for Associate Members, payable
on or before October 1st of each year.

Active Members and Associate Members elected by the Board of

Governors, prior to, or at the Spring meeting, shall pay the full

annual dues, and those elected after the Spring meeting and prior

to the Fall meeting, shall pay half annual dues.

The dues for Pioneer Members shall be $250. and its payment
exempts the member from all future dues.

The dues for Honorary Members shall be $100. and its payment
exempts the member from all future dues.

Officers

6. The officers of the Society shall be a President, the Past
President, two Vice-Presidents, a Secretary, a Treasurer, and a

Board of eight Governors, who shall be elected to their respective

offices at the annual Fall meeting by a majority of authographed
ballots of the members, and counted by a committee of tellers

appointed by the President. All officers shall hold office for one
year or until their successors are chosen, except the Board of Gover-
nors, as hereinafter provided, and the Vice-Presidents; one of whom
latter-named shall be elected for two years and one for one year, and
then one for two years, each year thereafter.

Governors

7. The Board of Governors shall consist of the President, the

Past President, the Secretary, the Treasurer and four Active mem-
bers; two of which last-named shall be elected for a two-year term
and two for one year, and then two for two years, each year thereafter.

Duties

8. The duties of the several officers are those usually appertain-

ing to each such office, together with such additional duties as may
be prescribed by the Board of Governors.

The Treasurer shall be bonded in an amount to be determined
by the Board of Governors.
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Meetings

9. The regular meetings of the Society shall be held in such

places and at such hours as the members may have designated at the

preceding meeting.

A quorum shall consist of twenty-five or more voting members.
Special meetings may be called by the Board of Governors when
necessity therefor arises. Active members only shall be entitled to

vote. The Board of Governors shall meet quarterly at such time and
place as they may select. Special meetings may be called by the

President when occasion requires, or upon the request of any three

members of the Board of Governors, not including the President.

Publications

10. All matters of general interest deemed worthy of permanent
record shall be published in serial volumes as soon as possible after

each regularly called Members' meeting. A copy shall be mailed each
member in good standing to his last address of record. Extra copies

shall be printed for general distribution, and may be obtained of the

Secretary on the payment of a fee fixed by the Board of Governors.

Emblem
11. The emblem of the Society shall be a facsimilie of a four-hole

film-reel, with the letter S in the upper center opening, and the letters

M, P and E, in the three lower openings, respectively. In the printed

emblem, the four hole openings shall be orange, and the letters black.

The remainder of the insignia being black and white. The Society's

emblem may be worn by members only.

Delinquents

12. Members who are in arrears of dues for thirty days after

notice of such delinquency, mailed to their last address of record, shall

have their names posted at the Society's headquarters, which shall

be the office of the Secretary, and notices of such action mailed them
;

and thirty days after such posting the member shall be dropped from
the rolls if such non-payment has continued.

Annual dues for the succeeding year shall be paid prior to the

annual Fall meeting, and only members in good standing, who shall

have paid all dues to that date, may vote or otherwise participate

in the meeting.

Suspension

13. Any member may be suspended or expelled for cause by a
five-eights vote of the Board of Governors; provided, he shall be
given due notice and a copy in writing of the charges preferred against

him and shall be afforded opportunity to be heard ten days prior to

such action.

Amendments

14. These by-laws may be amended, altered or added to at any
regularly called Members' meeting on a two-thirds vote by ballot of

the members present at the meeting.



PRESIDENT'S ADDRESS

IT WAS somewhat of a shock to me when I was gently reminded by
the Papers Committee that a Presidential address would be
necessary. I really tried very hard to find some way to relieve

you of the boring necessity of listening to such a thing. I should be
glad if you would be frank enough to say that you don't want to hear
it.

Evidently no one has the courage of their convictions, so you
must suffer accordingly.

In the past, the ladies have always been welcome at our con-
ventions, but this is the first time that official provision has been made
for their comfort and entertainment. We are glad to have you with
us and hope you will find our convention both interesting and
profitable.

Most of our committees have been active during the past six

months. This convention will be sufficient evidence of the work
of the Arrangements, Utilities and Papers Committees. Our Buffalo

Transactions, while a little late, bear evidence that the Publications

Committee has done its duty well. Getting the papers published is

no easy task, and it is a more or less thankless job. The work this

year was new to the entire committee, and I wish to express apprecia-

tion of their efforts.

The Publicity Committee in arranging for little talks before the
Allied Film Laboratories Association, and the Motion Picture

Directors Association, has started a really big work for the Society.

They are to be congratulated. It may interest you to know that the
Publicity Committee made every endeavor to arrange for the broad-
casting of their convention by radio. Even though unsuccessful

this time, the effort is an indication that, I believe, predicts a future

practice. We can congratulate ourselves on being the first technical

society to seriously attempt it.

The Standards Committee, as you will soon find, has also started

something.
Our Membership Committee has done splendid work and made a

very material increase in both our Active and Associate member-
ship. Let me urge the old members of the Society to get acquainted
with these new men. Give them the glad hand of welcome and make
them feel at home. Wearing the badges, which each member received

at registration, will greatly help us all to get acquainted with each
other.

Our Society's progress is made, to no small extent, through its

committees. I would urge greater committee activity during the

coming six months.
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On past occasions we have had several mighty good retrospective

talks. Therefore, I should like to look into the future. As a starting

point, however, you may be interested in some curves showing the

growth of the Society membership. The rapidly increasing slope

of the total membership curve is inspiring.

This shows that the Society must be sound, and useful to the
industry, or else it would not have continued to grow. There is no
reason why its usefulness, and its accomplishments, should not bear a
direct relation to its total membership, for after all, the greatest prog-

ress is made through cooperation. One individual working alone,

seldom gets very far. Our conventions offer the opportunities and
the place for our members and others interested in our work, to get

together and find out what each is doing and planning; to put their

problems before committees composed of the best experts in the
country. Through these committees, data is collected, analyzed and
made available to all by publication in our Transactions.

The wealth of information that is available in our Transactions
should be given greater distribution than it has had in the past. It

is my hope that our Publicity Committee will find ways and means to

place our Transactions in every large library, and in every technical

educational institution in the country.

The trade papers will find in our proceedings, material for articles

that is of great value and interest to their readers.

Our membership includes the leading experts in the country, on
the various branches of motion picture work. With such a founda-
tion, therefore, there is almost no limit to what can be accomplished by
the Society.

Any great industry to settle down to a permanent, stable base,

must standardize. Our Society offers the channel for standardization
in the motion picture industry. We have made a good start, but there

are still many things in crying need of standardization. Things
which, if standardized, would make for progress and save the industry
a great deal of money. For example; there is no such thing as stand-

ard film density; standard screen illumination, standard actinicity,

of artificial illumination in the studio. Films are being made under
the direction of experts, whose knowledge comes from long experi-

ence, and shown under various conditions of projection. Often the
results are unsatisfactory, requiring retakes or new prints at no small

cost. These things should be a matter of predetermination with
scientific instruments of precision, rather than dependent upon an
expert's judgment.

Our standards Committee has a great work before it. We cannot
be too careful in determining and adopting our standards. This has
been brought deeply home by the effort that is being made to have the
standards, which we have set up in the past, recognized by the
American Engineering Standards Committee. They have pointed
out inconsistencies in our past efforts. We have things listed as

standards that are wrong, and others are not standards, but defini-

tions.

Our Standards Committee has put a great deal of effort into a
proposed revision of the standards and nomenclature that we have
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adopted to date. They feel that if their recommendations are
accepted, we shall make a new start, as it were, on a much firmer
foundation. I would ask your most careful consideration of their

proposals.

There are still many unknown factors that affect the industry;
often things which are not germane to any one of our members, but
which, nevertheless, should be carefully studied. For example; no
one to-day knows how rapidly a motion picture screen loses it reflect-

ing power due to ageing, collection of dust, etc. Undoubtedly, there
is a point where it becomes more economical to renew the screen than
to furnish the additional illumination necessary to make up the loss;

but where is that point?

Many of us know that there is a difference in definition, or sharp-
ness of pictures projected with various lenses, yet no one knows how
to measure it in exact terms, so that one lens may be compared with
any other lens in quantative units. We should have such data.

At present only about five per cent of the light generated for

motion picture projection ultimately reaches the screen. What an
enormously inefficient thing a projector is!

There is, therefore, a splendid opportunity for a non-commercial
research laboratory supported by the motion picture industry. I

know of no better body to guide the work of such a research labora-

tory than the Society of Motion Picture- Engineers. The details of

how such a thing might be operated I don't know; no one knows,
but unquestionably they could be worked out by the talent available

in our Society, cooperating with others interested in the work.
The first great application of motion pictures was for entertain-

ment, but they are steadily working over towards the more serious

business of education. Through the motion picture, education can
also be made entertaining. It is here that the greatest future for the
motion picture lies.

The time is unquestionably coming when every one of us will

have motion pictures in our houses. We will take and project pictures

as easily as we now use the Kodak. All educational institutions

will use the motion picture.

To-day pictures are being transmitted by radio. It is but a step

from the transmission of one picture to the transmission of a series of

pictures, which joined together, make a moving picture. It is,

therefore, not only possible, but probable, that we shall show in our
educational institutions, great educational motion pictures broad-
casted by radio.

Instead of the county scholar struggling along under incom-
petent teachers, he, as well as his more fortunate fellow in the great

university, will have the inspiration gained from listening to lectures

delivered in person by the greatest authorities in the world.

It is not too much to believe that our Government will supervise

the broadcasting of educational lectures and pictures, so that thou-
sands,—yes, millions of our people, may be instructed at once by
the greatest teachers available. These teachers will be enabled to

instruct their vast audience through the universal language of the

motion picture, as well as through the spoken word.

20



It is misunderstanding that causes most of the difficulty between
people and between nations. Communication, more than anything,

assists in doing away with misunderstanding. When we are broad-

casting motion pictures, as well as the human voice, a tremendous
advance will be made in civilization, and towards the realization of

universal peace on earth and good will toward men. Our society is

playing no small part in bringing this to pass.

We have the opportunity to instruct the users of this wonderful
new medium of education, so that they may get the most out of it,

and to see that only the highest type of material is broadcasted in

the best possible manner. There are to-day various educational

courses on motion picture projection. Why should not all of these be
coordinated through the Society, and furnished with the latest and
most accurate data as a basis for their work. Can we not be of

assistance to all authors of books on projection, etc.? Here is a little

food for thought on the part of our Educational Committee. I hope
they will keep in touch with the University Extension movement,
and put the great films of the day within reach of those in communities
that do not have access to the big theatres in our large cities.

I have already trespassed too far on your patience. Our Papers
and Arrangements Committees have prepared a splendid program of

both work and play. It is a full one, and in order to get through with
it, we shall have to attend strictly to business. Let us make our
debates and voting snappy.

I would ask the authors of papers to be as brief as practicable,

and those discussing the papers, to make their discussions short and
to the point.

L. C. Porter
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THE CARE AND PRESERVATION OF MOTION PICTURE
NEGATIVES

By George A. Blair

SYNOPSIS
In view of the enormous increase in the production of motion pictures during

the past few years and of the great financial investments represented in the negatives

which it is desirable to preserve in the best physical condition for future use, it is

necessary that the utmost care be exercised in processing, printing, and storage of such
negatives. The best methods known for the preservation of motion picture negatives

are discussed.

IN VIEW of the enormous increase in the production of motion
pictures during the past few years and of the large financial

investments entering into and represented by the negatives,

their preservation for future use is of the utmost importance. This
also applies to negatives of special or important events which it is

desired to perpetuate and which can not be retaken.

Study of old glass negatives made by the dry plate process which
is still in general use, likewise of old photographs prepared from a
collodion or gelatine emulsion coated on paper, proves that a silver

image in gelatine will keep almost indefinitely, provided certain

conditions of manipulation are observed.
The making of photographic images with an emulsion coated on

a nitro-cellulose base is more recent than the glass and paper proc-

esses, and as a consequence there are no records of long standing

which may be considered as having established a comparison between
the stability of film and glass negatives. Motion picture negative

film having a nitro-cellulose base was first made in 1895, when
positive film was first manufactured commercially, though it was not
until some years later that the use of either negative or positive

film began to be of consequence. However, during this period there

has been an increasing demand for negative film in roll form for

the making of snap shot negatives. As this film was basically the

same as motion picture negative film and received the same general

manipulation, we are able to form an opinion as to the comparative
keeping qualities of film and glass negatives, except for such differ-

ences as might be affected by the customary method of storing glass

plates and cut film negatives in special paper enclosures, whereas
motion picture negative film has always been wound into a tight

roll from which air is excluded. As a result of the experience gained

from the storage of negatives cut from the roll of film as used in the

Kodak, which had been thoroughly fixed and washed, we know that

preservation over long periods of time is possible.

The constitutent parts of motion picture negative film are a

cellulose nitrate base and a gelatine coating which contains the
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silver image. The celulose nitrate base consists chiefly of nitro-

cotton and this substance, while apparently stable, is subject to a very
slow change with time, while the gelatine containing the emulsion, if

properly fixed, washed, and dried is absolutely permanent.
The change or deterioration in the nitro-cellulose base will be

negligible if it is stored at a consistently low temperature around
40° to 50° F, but quite appreciable if subjected to higher temperatures
which cause the release of nitrogen peroxide which affects the physical

properties of the base and is liable in time to attack the gelatine

coating and gradually destroy the silver image.
On the other hand, insufficient fixing and failure to wash the

film thoroughly so as to remove all traces of hypo will greatly accel-

erate this change and may result in a yellow discoloration of the
gelatine coating. The importance, therefore, of extreme care in

fixing and washing will be realized and as a further precaution, after

the ordinary fixing bath, re-fixing in fresh hypo, followed by thor-

ough washing with a final rinsing in distilled water, is recommended.
When negative film is prepared for storage it should be wound

on wooden cores, then wrapped in chemically pure paper and placed

in a fibre or hard rubber container, which in turn should be enclosed

in a metal box, but no metal should be permitted to come in direct

contact with the film during the storage period.

In view of the effect of temperature on film base, the container

should be stored in a cool but not too dry atmosphere such as would
ordinarily prevail in a well constructed and properly ventilated film

vault. Ideal conditions might be compared to the temperature
ordinarily prevailing in a household refrigerator. Under such condi-

tions there would be little to fear either from a change in the physical

properties of the base or the gelatine coating or from the possibility

of shrinkage to a degree which would affect the perforation pitch and
cause difficulty in printing future positives.

The use of negatives for making reprints at intermittent periods

has a beneficial effect as far as the stability goes, as this permits

the escape of any small trace of gases which may have accumulated,
but under all circumstances, especially with negatives which are

inactive for long periods, they should be carefully examined by
rewinding at least once a year so that any change may be detected

and the film copied, because once deterioration has started it is

difficult to check it.

23



DISCUSSION

Mr. Richardson: I should like to ask Mr. Blair two questions,

Mr. President. I shall preface them by saying I have in my posses-

sion, and have had for a long time, some film which must have been
made about twenty-seven years ago. It was subject 23 of the
Biograph. It is the old wide film and it is as good today, as far as

I can see, as the day it was made. It is a positive, of course, but I

might say I can see no difference today between it and a brand new
film. That sounds absurd, but it is true, and it has been exposed
to the air for at least five years.

I should like to ask, Mr. Blair, what you mean by "almost in-

definite." I am interested in this subject, because I have had in mind
the making of family record films. And you also say, "No metal?"

Mr. Blair: When film is put away for future use, it would
be unwise to put it on metal reels. Preferably wind it on a wooden
core and wrap in chemically pure paper and enclose it in a tight

wooden or fibre box.

Mr. Richardson: What do you mean by "almost indefinitely?"

Mr. Blair: We have some motion picture negatives made
years ago, as you have. Examination reveals no physical change in

them and we infer that they were well handled during manipulation;
that is, that they were carefully fixed and washed. We have other
negatives made at a considerably later date which have changed a
great deal and their appearance indicates that they were not handled
properly during the fixing and washing.

We can go back to the early days of dry plates, and examination
of old negatives shows practically no change in them. We know that
gelatine itself is very permanent and if the silver image impressed
in the gelatine is thoroughly fixed and washed, we conclude that it

will remain so almost indefinitely.

Mr. Jenkins: It may be of passing interest to say that I

have some films the Kodak people furnished me many years ago.

It was on very thin base, Mr. Blair, about .0025, and I recently had
occasion to reprint some of it. The roll is about an inch and a half

in diameter and has not been kept with any particular degree of care,

and therefore I believe your assumption of the treatment of the film

at the time it is made and developed is quite an important factor,

more so, perhaps, than the actual place it is kept. This film seems
to be about as flexible and about as nice as it was when I made it.

That was made, I should say, in 1892 and kept most of the time
since in a wooden box in a concrete cellar.

Mr. Blair: We believe atmospheric conditions also have a
very important bearing on the permanency, as we know that film
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subjected to high temperatures will be affected and not retain per-

manency in comparison with storage in a low temperature. We
believe that film, properly fixed and washed, if kept in a temperature
equal to that ordinarily prevailing in a household refrigerator, will

not change perceptibly over a long period.

Mr. Richardson: Would you not say that if the film which I

have kept for about twenty-six years now in an ordinary curio

cabinet in my sitting-room, where it is quite warm in summer and
quite cold at night in winter, is satisfactory one would be justified

in believing it would last one hundred years under scientifically

correct conditions?

Mr. Blair: I would not say one hundred years, but many
more years than under the conditions you describe.

Mr. Richardson: Of course, there is no question but it must be
very thoroughly treated when it is made.

Mr. Blair: That is of the highest importance. Frequently

too little attention has been paid to the handling of negatives in the

past, but we now have productions which are so expensive and will

be used for re-issue at some future date that the producers are exer-

cising more care in the handling of such negatives than formerly.

In the early days of the industry it was not usually customary to use

the negatives for other than first prints, and the less important nega-

tives were discarded as being of no further value.

Mr. McNabb: Has Mr. Blair given consideration to the factor

of cleaning a negative? That is, what effect has cleaning on the
preservation of the life of a negative?

Mr. Blair: You mean, Mr. McNabb, during the making of the

first prints?

Mr. McNabb: Yes.

Mr. Blair: During the making of the prints there is always
the liability of particles of dust and dirt accumulating on the nega-

tives and this should be removed when not more than every sixth

print has been made; also, when the printing has been completed
the negative should again be cleaned before storing it away. This
cleaning may be best accomplished by winding the negative of a

drum, and permitting it to pass through silk velvet or soft cloth

held in the hand, which has been slightly moistened in carbon
tetrachloride.

Mr. McNabb: Does that in any way affect the life of the

negative?
Mr. Blair: No. Cleaning in this way will have no detrimental

effect on the negative. However, if carbon tetrachloride is applied

too freely and not given sufficient time to evaporate thoroughly
before rewinding, bleaching of the image will result. This would
apply particularly to the final cleaning of a negative and its imme-
diate storage thereafter. In other words, if moisture from the
carbon tetrachloride remains in the rolled up film, it will affect

it as aforementioned.
Mr. Jenkins: I should like to ask another question, if I may.

Some films I made subsequent to this little thin film, after they
began to make it thicker, are very, very brittle. It would be inter-
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esting, of course, to know just why that should be brittle and the
one made previously should be so pliable. But for the practical

application; is there any way we can treat that film so it will pass
through the printer without breaking? It is very brittle. I do not
know why. It is the base that is brittle.

Mr. Blair: For some reason this film has apparently reached
a bone dry stage and this probably applies to both the base and the
gelatine. Unless something very unusual has happened, its flexibility

can probably be revived, in part at least, by subjecting it for a time
to a 70 to 80 per cent humidity. This might affect the base more than
the gelatine, as, if the gelatine has begun to flake off, moisture would
check the action, though possibly only temporarily.

Mr. Jenkins: Would you re-dry it before using it?

Mr. Blair: This would not be necessary, as the absorption

would be only proportionate to the percentage of humidity.

Mr. Richardson: The base of the film I have is more than .005

inch thick.

Mr. Blair: The present standard of base thickness is slight

over .005 inch and continued improvement in manufacture has
made it possible to regulate thickness better than prevailed at the

time the film to which you refer was manufactured.

Mr. Nelson: I would like to ask Mr. Blair the cause of soften-

ing of the emulsion. I have found some negative film which has
softened so much that it will run in liquid form.

Mr. Blair: What have been the storage conditions?

Mr. Nelson: Unwrapped, in tin cans. I thought it probably
was due to the vault being at times too warm.

Mr. Blair: If the film is in that condition, it may be that

high temperature is partially responsible.

Mr. Nelson: The temperature of the vault is sometimes as

high as 70 degrees.

Mr. Blair: This in itself should not cause the condition and I

should like to have some of this film for examination as a means of

giving you more definite information.

Mr. Nelson: If I find any more, I shall send it to you.

Mr. Richardson: I would like to say just one word to Mr.
Blair. Is the government taking any action that you know of to

look into this matter? The reason I ask is because things are hap-
pening that ought to be preserved in motion pictures. It means
much to the future generations. Do you know whether or not the

government is taking any steps to find out what can be done in that

direction; how long the things can be kept, and whether they can
be successfully remade in the future?

Mr. Blair: The government has taken decided action in this

situation. During the war many millions of feet of negative of

interesting and important events were made both here and abroad.

The government has constructed a series of film vaults in Washing-
ton where I believe several million feet are now being kept. Whether
all that is necessary to preserve these negatives indefinitely has been
done, I am not prepared to say.
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Mr. Richardson: I knew that, but are they making any 'real

experiments to find out what the possibilities are?

Mr. Blair: To the best of my knowledge, nothing further has
been done. Prints are constantly being made from many of these

negatives, and to date, I understand, no troubles have been en-

countered.

Mr. McNabb: Does the approved container you have estab-

lished for the preservation of negatives contemplate hermitacal
sealing, that is, in the fibre or in the hard rubber?

Mr. Blair: I do not know that sealing is absolutely necessary,

but believe that film thoroughly fixed and washed, wrapped in chemi-
cally pure paper and stored in any of the types of containers referred

to would have great keeping qualities and that under these conditions

there would be little, if any, effect from outside air.
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CONSTANT POTENTIAL GENERATORS FOR MOTION
PICTURE PROJECTION

By A. M. Candy

SYNOPSIS
The following -paper discusses the development through which the constant

potential generator has been carried for producing satisfactory results in projecting
pictures in modern motion picture theatres. To eliminate any flicker or decrease

of illumination on the screen when a second lamp is connected to the generator while
the other lamp is being used for projecting pictures, has required very careful study of
motion picture projection requirements by the design engineer. As a result, these

generators, with their control equipment, have been perfected so that several lamps can
be operated from the same generator, using different current values in the various
lamps, without producing any visible flicker or decrease of illumination of pictures on
the screen. The ability of the machine to carry several lamps at different current
capacities will fulfill the requirements of modern theatres where it is frequently desir-

able to operate stereopticon lamps, spot lamps, flood lamps and a projector at the same
time or any combination of these machines.

A FEW years ago, the public was satisfied to attend motion picture

theatres which were equipped with only one projection machine
necessitating a delay of from four to eight minutes at the end of

each reel while the operator was removing the reel just projected,

inserting, and rethreading a new reel. The electrical equipment
required for supplying current for such a projection scheme was quite

simple to design and operate.

To some unknown person, however, we are indebted for the idea

that two projection machines can be used alternately and thereby
materially reducing the time lost at the end of each reel, the same
electrical generating equipment being used. Some other equally

progressive person conceived the idea that if the lamp in the second
projector could be started before the end of a reel, then the new reel

could be started at the proper time so as to make a continuous pro-

jection of pictures on the screen. This necessitated the addition of

electrical control equipment or ballast resistance for the second pro-

jector as well as for the first, see Figure No. 1. Obviously, when the

second lamp was started, an overload was imposed upon the source of

electrical power, usually a motor generator, see Figure No. 2, and as a

result, the voltage of the generator was decreased which caused each
lamp to receive less than its normal current, thereby decreasing the

brightness of the picture on the screen. This is illustrated by
Figure No. 3, which shows the characteristic curve of a generator

designed for delivering 55 amperes to one arc only, with the arc

operating at approximately 60 volts. When a constant voltage

generator is used for this purpose, it is necessary to provide a resistance

in series with the arc to make it stable. Since the generator is designed

for 80 volts and the arc operates at approximately 60 volts, the
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resistance must be designed for a 20 volt drop at 55 amperes or a

resistance of .364 ohms. Now when we attempt to operate two arc

lamps from the same generator, it is necessary to provide a similar
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Fig. 1. Diagram of Connections

resistance (see Fig. No. 2A and Fig. No. 2B) in the circuit of each
lamp. With both lamps connected to the circuit, the effective resist-

ance of the ballast rheostat is .282 ohms. To determine the current

which the generator will deliver under these conditions, it is only
necessary to make a few trial calculations by selecting an assumed

Fig. 2
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current value, say 90 amperes, multiply this by the resistance of

.182 ohms which gives 16.3 volts and add the arc voltage of 60 volts,

which gives 76.3 volts, which must be delivered by the generator.

By inspecting Figure No. 3, however, we find that at 90 amperes, the
generator only develops about 73 volts and will, therefore, not supply
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Fig. 2A. Front View of

Ballast Eheostat
Fig. 2B. Eear View of

Ballast Eheostat

90 amperes for the two arcs under these conditions. Suppose then
that we try 82 amperes; we get 82X.182+60 = 74.9 volts which falls

on the curve as per Figure No. 3. Therefore, with one lamp operating,

it will receive 55 amperes, whereas, with both lamps operating, the
total current delivered by the generator is 82 amperes or 41 amperes
per lamp. This is a decrease of approximately 25 per cent below
normal, which will result in a decrease in the illumination produced by
each lamp. When pictures are being projected, the motion of the
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objects on the screen makes even this decrease in illumination but
slightly noticeable. However, it must be recognized that these

generators which were designed primarily for the operation of one
lamp are not as satisfactory as can be designed where it is necessary

to operate two lamps alternately. However, machines have been
operating under these conditions for years, and producing fairly

satisfactory results.

The continual demand for improvement in every phase of the

motion picture industry, and the desire on the part of the design

engineers, to produce electrical equipment for motion picture pro-

jection, which would give an interrupted and practically steady
illumination, has resulted in a great improvement in generator design,

especially as regards voltage regulation. On first thought, it would
seem that an over-compound generator, with characteristics as shown
in Figure No. 4 would meet all requirements for better performance.
Trial calculations will show that this machine will deliver 100 amperes
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at 76.3 volts to two lamps or 40 amperes per lamp compared with
55 amperes for one lamp or a decrease of but 10 per cent below normal.
When placed in service, however, we find it almost impossible to

operate one lamp alone because the arc is so unstable. This is be-

cause the slope of the voltage characteristic curve is in the wrong
direction for stable arc operation; because as the carbons burn away
and the current thru the arc decreases, the voltage drop across the
arc increases. Therefore, if the generator voltage actually decreases

with the current, the arc will go out.

To obtain the best voltage regulation characteristics for supply-
ing current to one or two lamps, consistent with a reasonable cost for

the equipment, it was necessary to design a generator using a liberal

amount of copper in the armature, reasonably small air gap and the
proper magnetic saturation in both the armature iron and the steel

pole pieces. When used as a part of a motor-generator, the motor
must be designed for good speed regulation. The voltage regulation
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curve of such an improved equipment is shown by Figure No. 5.

By trial calculations similar to those made before, we find that this

equipment will deliver 55 amperes to one lamp and 97 amperes to two
lamps or 48^ amperes per lamp, which is only about llj^ per cent
below normal current. The resulting small decrease in illumination
is not perceptable when pictures are projected on the screen. Inas-
much as the performance of the electrical equipment, as it pertains
to the illumination of the picture, is determined by the results pro-
duced on the screen, this slight decrease in current through the arc,

which is projecting the picture, when both lamps are operating, is of

no consequence whatsoever.
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Since the constant voltage generator can be readily designed so

as to assure a steady and uninterrupted source of direct current, so

far as the illumination of the pictures as viewed from the theatre is

concerned, and furthermore, since the constant voltage generator
provides for operating two or more arcs of different amperage,
simultaneously, it seems to be a very satisfactory type of equipment
for this service.

When we first designed our generators for operating projecting

lamps, a number of years ago, it was the custom at that time, as you
recall, to use one projection machine only, and when it was necessary
to change from one reel to another the projection on the screen had to

be stopped. The machines we designed for that service were satisfac-

tory, but, as the art progressed, we commenced to get into the field of

stealing one arc from the other, and finally operating two arcs simul-

taneously during transition from one reel to another. We found that
the machine designed to handle one lamp only was not entirely satis-

factory for this latter service, so we commenced to improve these

machines. The reason these machines were not entirely satisfactory

for this latter projection service was that when a second lamp was
connected to the generator circuit, the current through each of the
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lamps would be reduced below the normal value as indicated by
Figure No. 3 of the paper.

To make the information in my paper somewhat clearer, it will

probably be advisable to show the characteristic curve of an arc

circuit as illustrated by Figure No. 6 which shows the approximate
volt ampere characteristics of a fixed arc gap normally operated at

55 amperes. From this curve it will be observed that as the current

through this given arc gap is decreased, the voltage drop across the
arc gap actually increases. Vice versa, as the current is increased, the

voltage across the arc gap actually decreases. If, therefore, we
attempt to operate an arc from a constant voltage source, as the

current builds up through the arc, the voltage required becomes less
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and less, and therefore the current will keep on building up indefinitely

until a very severe overload is placed upon the source of supply. For
this reason, therefore, it is necessary to provide a stabilizing resist-

ance frequently called a ballast resistance in series with the arc, so

that as the current through the arc circuit increases, the voltage drop
across the resistance will increase and thereby leave less voltage avail-

able for the arc circuit which will cause the system to reach a balancing
point where the voltage available for the arc is just sufficient to keep
the desired current flowing through the arc and prevent the current
from building up to any higher value. For the best operation of an
arc circuit, the carbons should be separated so that the current
through the arc is slightly less than the current which will cause a
hissing unstable arc. Furthermore, the carbons must be separated
the proper distance so that the arc is not hissing. By referring to

Figure No. 6 again, it will be observed that when operating the arc at

55 amperes, the arc is a few amperes less than the point where hissing

begins, namely, slightly over 60 amperes.
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DISCUSSION

Mr. Richardson: I would like to say that you should be sure
those things are amplified and explained very clearly, because it is

something the average projectionist does not understand, and he
could understand if that particular chart were explained by text

drawn into it. I would very much like to have that paper for publi-

cation. I doubt if the publication of the other part would serve any
good purpose because it is over the head of the average man but it

contains very good ideas. I wonder if I might have that, Mr. Candy?
Mr. Candy: I can give you a curve which will illustrate this

information which will be based upon data obtained in a series of

experiments a number of years ago by Mrs. Ayrton who is quite a
noted English scientist. She made a large series of tests showing the
characteristic curves of arc lamps operating at various current values.

Her experiments were made with arc lamps such as used for street

lighting operating in the neighborhood of 6 to 7 amperes. However,
this data can be interpolated with reasonable accuracy for arcs using
current values such as we find in motion picture projection and this

will be included in our dicussion as Fig. 6.

Mr. Richardson: Personally, I would like to have it. If it

can be included in the paper, I should think it would be a distinct

addition.

Dr. H. P. Gage: I would like to ask a question in regard to the
characteristics of generators used in connection with arc lamps.

Would it be possible or practical to make a generator in which the
voltage-current, characteristic, instead of being flat, as shown by
Mr. Candy, would drop very abruptly at the proper current value and
then to use this on a single arc with practically no other resistance?

Mr. Candy: That machine is not practical to build as it is

impossible to design a generator at least at the present stage of the
art which will have such a characteristic curve. Furthermore, if such
a machine were designed, the arc circuit would be unstable because
the generator would continually follow up the arc and would supply
more and more current until the machine was severely overloaded
and a hissing arc would be produced. A generator can be designed,

however, which does not require any resistance in series with the

arc and which will strike a balancing point at the current which it is

desired to deliver to the arc. The characteristic curve of such a

generator is illustrated by curve CD of Figure No. 7. By a perusal

of this curve, you will observe that the balancing point is located

where the generator is delivering approximately 55 amperes at 55

volts for a 55 ampere arc. This characteristic curve has another ad-

vantage and that is, as the carbons burn away requiring a greater

voltage to sustain the arc, the generator voltage automatically
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increases because in the case of this characteristic curve, as the current

decreases from 55 amperes, the voltage of the generator rises quite

rapidly. However, the current delivered by the generator will in-

crease only to a certain value as the voltage decreases and from there

on the current begins to decrease as the generator voltage decreases.

Therefore, this machine will operate stably with the arc in its circuit.

Of course, it is understood that a generator having characteristics as

illustrated by this curve CD on Figure No. 7 could only be used for

one arc lamp. For modern service where two arc lamps are used,

alternately, and transition is made from one reel of pictures to the

other, requiring both lamps to operate simultaneously during the

transition period, the generator must be designed for higher voltages

as illustrated by Figure No. 8, so that with one lamp in operation,

the generator will be operating at a point on the curve illustrated

at A, which represents a 55 volt, 55 ampere arc and at B where two
such arcs are connected in series, each taking 55 .amperes, but the two
in series requiring 110 volts total from the generator.
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Dr. H. P. Gage: Have you ever tried to make a machine like

that, to see if it would work successfully?

Mr. Candy: Yes, we have built a machine of that type. How-
ever, these machines are subject to certain criticisms as follows:

When the first arc is struck, it is necessary to bring the carbons
together quickly and separate them quickly, otherwise the generator
voltage will be reduced to a very low value and the arc cannot be
struck. When the second arc is struck, the carbons must be separated
very slowly so that the circuit will not be broken. If the arc is

broken in the second lamp, the first lamp is also robbed of its current
because the two arcs are in series. On the other hand, with the con-
stant potential generator, such as we have been discussing, the two
arcs are operated in parallel circuits and if one arc is broken, the
other arc will continue to burn.

Mr. Richardson : There is a great deal of harm done by people
by putting out instructions to operate with a certain amperage and a
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certain arc voltage and some projectionists who have volt meters
adhere to the instructions and then write and ask why they cannot
get results; and I may say that to always have the same arc voltage
with a given amperage is an impractical thing to do in projection.

What you can do in a laboratory where things are right, and what can
be done in a projection room, where usually but few things are as they
should be, are two very different propositions. You send out instruc-

tions to operate at, say 65 volts. The projectionist tries to do it and
cannot get results

;
perhaps his failure is due to lack of proper ventila-

tion in the lamp house, perhaps to other things. Anyhow, it will not
work. I have advised carbon manufacturers and others to be careful

in sending out such instructions because it makes trouble.
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Mr. Campe: In that connection I might say that we know what
operating conditions will give the best results, for instance, with
higher amperage, higher arc voltage must be used. We try to give

the operator some idea of how to obtain conditions which will give the
best results. We do find under certain conditions that the way in

which the lamp housing is ventilated will disturb conditions to a
certain extent. What we are trying to do for the projectionist is to

give him instructions which will serve as a guide in achieving the
best results.

Mr. Richardson: That is all right, Mr. Campe, for you to put it

that way, but many instructions have been sent out without any
qualification at all. I have seen them myself . "Operate at 65 volts."

The man tries to do it, and finds he cannot get results.
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Mr. Campe : We find the larger percentage get the best results

by following our instructions. It is the smaller percentage that get

into difficulty.

Mr. Richardson: That is true. That is my object in saying, do
not give a hard and fast impression.

Mr. Candy: In line with what Mr. Richardson has to say, I

would like to make just a couple of remarks. The carbons in the

lamp house are normally adjusted so that the upper carbon is some-
what to the rear of the lower carbon, so the crater will be formed as

nearly as possible with its surface lying at right angles with the optical

axis of the projection system and also with the center of this crater

on the optical axis. When the arc between the carbons is struck and
the carbons are slightly separated, we have a hissing arc condition.

The arc is then operating in the region illustrated as a hissing arc by
Figure No. 6. When the carbons are separated gradually, a point will

be reached where this hissing stops. The arc should be operated as

nearly as possible at all times with the adjustment just beyond the

point where hissing begins. Under these conditions with the proper

size carbons and the electrical characteristics of the circuit properly

designed for the current to be handled in the lamp, we will have the

arc operating at a voltage of from 55 to 68 or 69 volts depending upon
the current through the arc. However, as Mr. Richardson has
pointed out, the operator is not interested in the actual arc voltage,

but is merely interested in having a satisfactory operating condition,

which can be very readily explained as just beyond the hissing condi-

tion of the arc.

Mr. Richardson: We may have many conditions. In the

first place, we have Mr. Squarehead who keeps his carbons carefully

stored down in the damp basement. He buys an ample supply and
keeps them there four or five months; they are thoroughly im-
pregnated with moisture. Won't that make a difference?

Mr. Candy: I do not know.
Mr. Richardson: I think you will find it makes a decided

difference.

Mr. Candy: I have never had occasion to run into any carbons
kept under those conditions, so I cannot answer your question.

Mr, Richardson: There are lots of them. We have also the
man who uses a cored upper and a cored lower, that would make a
vast difference. We have other men using a cored upper and a silver

tip below. The fact that we have so many conditions is why I object

to any hard and fast rule being made. Conditions vary so widely.

We find a man with a lamp house vent screen chocked solid with
carbon ash as I did last night. He asked what was the reason for the
lenses breaking. I opened the door and the whole thing spoke for

itself. God knows what the temperature in the lamp house was. It

is impossible to say what will be right under the different conditions.

I venture you cannot even make an intelligent suggestion before you
know what the conditions are.

Mr. Candy: No, you certainly cannot make suggestions before

you know the actual operating conditions. To obtain good operating

conditions, however, it is necessary to operate the carbons with as
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reasonably small a gap as possible without having the hissing con-

dition exist, and have the crater on the upper part of the carbon well

directed toward the condensing lenses of the lamp. The idea is to

operate the arc as short as is possible without requiring too much
care, so as to use as much ballast rheostat as can be made use of to

advantage because this helps to stabilize the arc. The shorter the
arc gap, the lower will be the arc voltage, and therefore, the greater

will be the voltage across the ballast rheostat which gives the best

operating conditions.

Mr. Richardson: My answer to this latter is this—I would
like to ask Mr. Campe if this is not correct. I tell them "Never mind
the voltage at the arc. Bring your carbons together until hissing

begins, then separate them a little more." Am I right?

Mr. Candy: That is it exactly.

Mr. Richardson: There you are. There is a thing he can
follow and will follow. A man does as you suggest, then he is going to

eliminate his troubles. That is quite all right.

Mr. Campe: The operator may have too much voltage across

the arc. In one case, which came to our attention, a man was having
difficulty in eliminating hissing, but we found that he was trying to

operate with 80, 90 or 100 volts across the arc.

Mr. Richardson: Mr. Campe, I do not think it is any use
trying to instruct a man without any more brains than that.

Mr. Campe: It is the blockhead, as you said a moment ago,

who will do that. We have to have instructions to help them in their

work.
Mr. Richardson: What I "am objecting to is a hard and fast

recommendation. I do not know as you have made one, but some of

the others have.

Mr. Campe: I do not think you will find ours a hard and fast

regulation. It is intended to assist those fellows who do not know
anything about it, and the majority of them do not know anything
about the electrical end of it.

Mr. Stewart: I should like to say just a word on the subject.

If you find an operator has been using a rectifier previous to the in-

stallation of a motor generator set it would be well to instruct him to

do certain specific things and not to do certain things. In your labora-

tory you have the opportunity to collect just such information which
would be of great use to the projectionist. I know from my own
experience in putting in motor generator sets, etc. that an operator

who has been accustomed to using a rectifier is familiar with the con-

ditions for operating with that equipment but entirely unfamiliar

with the new conditions which apply to other equipments. If the
conditions are changed by the installation of new apparatus he is

frequently entirely ignorant of what to do. If the manufacturer of

such apparatus would put out certain definite information as to what
the operator should and should not do, it would be very helpful.

Mr. Campe : I might say, in answer to that, that in a well known
hand-book on projection work, we, as well as the other companies,

have supplied information just similar to what you just spoke of,

and, in addition to that, you will find that each of the manufacturers
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puts out an instruction book which accompanies each machine. This
book covers practically the same thing, the things you are liable to

run into, and what to do when you do run into them. It is a difficult

subject to cover adequately in a technical paper but there are, how-
ever, technical journals where this information is already available.
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FILM SPLICING

By J. H. McNabb

SYNOPSIS
The paper contains a brief historical resume of the art, including the develop-

ment of the Automatic Film Splicing Machine, with comparative results of various
methods of splicing both the negative and positive film, and the results in printing
spliced film. The figures show the superiority of automatic film splicing over the

method of splicing by hand and with film clamping devices. An endeavor is made to

prove greater longevity of film spliced by machine methods. The paper also contains
other technical data pertaining to splicing and joining of film.

IN THE early days of the motion picture, when subjects ranged in

length anywhere from twenty-five to two hundred feet, the art of

film splicing required only scant consideration; but, with the
natural evolution in the perfection of the mechanics employed
in the industry, film splicing has become an operation that requires

very serious and important consideration. Authors who have written
about motion pictures have dwelt sparingly on the subject, so that
few, if any, references to the prior art can be found. Most of the
veterans in the industry, however, can readily recall how the operations
were performed, and the conventional equipment used for making
splices. There was then nothing very formidable in the operation of

cementing two pieces of motion picture film in a continuous strip;

the only tools required being: a pair of shears, a knife, and a bottle of

cement.
To many it would seem logical that the crude methods of those

early days should soon have been supplanted by mechanical means;
yet, a recent investigation disclosed the fact that in one of the
largest exchange centers in the country less than twenty-five per
cent of film splicing is being accomplished by mechanical means;
while the antiquated hand method is invariably employed in the

majority of the film exchanges.

Earlier Practices

Until the advent of semi-mechanical means for film splicing

some twenty years ago, in the form of a small, hand operated clamping
or pressing machine, the patch was not a weld in the film but merely
a temporary connection. It was reasoned that, with the application

of pressure during the splicing operation, the pieces of film would
become bonded and the splice made permanent. With this idea

in view, the Edison Company produced a hand-operated splicing

device, which presented a great improvement in results over the

plain hand-made splice. The Edison clamp may be considered the

first real practical device, and nearly all other hand operated machines
built since its introduction were patterned along identical lines of
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construction and operation. While they were styled "machines,"
the actuation of these devices presented a manual, rather than a
mechanical, process. Splicing was accomplished in the same manner
as by hand, excepting that the two ends of the film to be joined were
clamped securely after the application of the cement. Some of the

devices had pilot pins as an aid in locating the film ends in relation to

the perforations ; but, while the pins aided registration in the newer or

prime stock, they really were a detriment in the splicing of shrunken
film. Most of these earlier hand operated splicing devices were
referred to as splicing clamps, splicing blocks, splicing presses, film

menders, etc., for the reason that they were considered to embody
the advanced feature enabling the application of pressure during the
splicing operation. The kind of splices usually made varied from
1/8" to 1/4" in width, and the thickness approximately .011.

The splice overlapping as much as }/i or even 3/16 of an inch

soon becomes hard and inelastic; because, in applying moisture and
cement to this excessive width, the film base softens, and in due
time hardens; in which latter condition it does not readily conform
to the curvature of the projector or printing machine sprockets,

and by improper spacing between the perforations frequently
"jumps" the sprockets altogether. Its lack of flexibility weakens the
film by preventing the yielding but tenacious contact that is a
necessary requisite to a good bond, and, further, often causes the
film to break parallel to the splice.

The motion picture producers and laboratories have always been
untiring in their efforts to produce a film of the highest attainable

quality, and great credit is due to them for the progress attained,

but, unfortunately, these excellent films, which, with proper handling,

would last as long as the subjects, seldom make much headway
toward longevity. This, in the main, may be attributed to obsolete

and antequated methods of handling—including, principally, the
operation of splicing in a great many theatres and exchanges of the
present day. Because these methods are crude and costly, they
have no place in the processing routine of a great Industry, and the
sooner they are entirely supplanted the sooner shall we have lower
distribution and replacement costs and exceptionally better and
pleasing projection results.

Results with Semi-Automatic Film Splicing Machine

The development of a practical film splicing machine presented
problems quite as intricate as those of its allies: the printing machine,
the perforator, the camera, and the projector, and its present degree
of perfection was obtained only after considerable experimenting.
The first essential, constantly kept in view, was a mechanism to take
the uncertainty out of splicing and make the joint an element of

strength, rather than one of weakness—at the same time, combining
accuracy and efficiency.

A cut of the first, really practical semi-automatic film splicing

machine is appended hereto. This machine is interchangeable for

either negative or positive joining, and adjustable for any desired

width of splice. As to quantity of output, a beginner is enabled to
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splice double that of an experienced operator using the smaller or

hand operated devices; while the machine operator, with a few
days' experience, turns out four or five times the quantity of splices

that was previously possible, besides very materially improving the
quality of the product. The machine is provided with two pilot

register pins, located in fixed relation to the frame line of the film

Fig. 1. B and H Semi-Automatic Film Splicing Machine

to be spliced, which automatically compensates for any shrinkage
that might exist in the stock; that is, both ends of the film to be
spliced locate from the same pins, thereby affecting correct registra-

tion. Besides greatly facilitating the setting-up operations, as well

as scrapping, cementing, etc., the machine automatically shears and
discards both the superfluous film ends, throws off excess cement, and
leaves the splice a bonded portion of the film, clean and free from
the necessity of wiping or trimming. An electric heating unit, placed

beneath the lower cutter plates, furnishes heat to hurry the drying of

the cement, so that the splice ordinarily is ready for immediate
service.

It is not the purpose of this paper to recommend the adoption of

any particular size or kind of splice, nor to suggest a standard; but
to show what has been acoomplished in the development of a machine
which may be adjusted to conform to almost any desired type of

splice, and to compare its results with those most commonly used
in the industry; further, to show, by comparison, the superiority

of service which has been determined by exhaustive experiments
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of certain kinds of splices with respect to the duty imposed upon
them.

The original theory was (and it still has its adherents) that the
wider the splice the stronger it became. The practice was, and is

today, largely that of using a splice almost invariably three-sixteenths

to one-quarter inches in width. Regardless of how natural the sup-
position may be, the comparative strength of the splices of extra large

width was early proved erroneous. From the experiments which
were conducted covering the continuous running through the projec-

tors and printers of film spliced by all known methods, there was
finally evolved certain formulae which would produce the most per-

fect results for negative and positive film.

Among the conclusions reached were: that a beveled splice,

approximately one thirty-second of an inch in width, and which would
increase the thickness of the spliced portion but .0025, would be
the most satisfactory for negative film. First, because it would
permit the splicing of raw negative so that its travel through the
camera would be without interference; Second, the developed
negative could be spliced together for printing, and the resultant

positive print would be one which would require no cut-outs, as the
splice being the approximate width of the frame line would not be
noticeable. This resulted in being able to affect a considerable saving
in the laboratory assembly and joining rooms, particularly as longer

rolls could be printed and little cutting up of the positive would be
required.

It was further determined that the splice approximately the
width equal to the distance between the standard film perforations,

or 5/64 inch, would be the most suitable and efficient for the positive

film. It was demonstrated that splices of greater width, while evi-

dencing a stronger surface appearance when stressed in parallel

alignment, yet after passing over the projection machine sprockets

for several runnings, exhibited a tendency to loosen at the corners,

as a result of the tangent force exerted in the pulldown of the inter-

mittent. The wider splice lacked the necessary degree of flexibility,

owing to the film base becoming stiffened and curled by the hardening
of the cement, and naturally it would not long withstand being con-

formed to the curvature of the film sprockets. This contention ma}'

easily be proved by making the following, simple test:

Take two pieces of cardboard, stiff paper, or film, overlap each

piece approximately one-half inch, and thoroughly secure one to

the other by means of cement, glue, or other adhesive. Thence take

two similar pieces, securing one to the other, as before, only over-

lapping one-quarter inch. It will be found that the piece embodying
the narrower patch can be bent to a smaller radius before breaking

than can the unit containing the wide patch.

This example serves to illustrate the relative merit of a narrow
and wide splice in its particular application to positive film. The
splice unnecessarily wide requires a greater amount of labor and
cement in its making; it creates the irregularities and difficulties

which have been so long identified with the exhibition of motion
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pictures to be regarded as necessary evils. The semi-narrow splice,

as made by the automatic film splicing machine for positive film

which has been subjected to exhaustive comparative tests, should
mark the passage of haphazard methods, waste, and destruction, and
fill a predetermined place in the modern practice of the art of motion
picture making.

"A"
Positive

"B"
Negative Raw Stock Raw Stock

Fig. 2. Plain Hand-Made Splices

Figure No. 2 shows a fair example of the average hand-made
splices for different uses. Sample "A" is almost invariably used in

the projection rooms and in a great many exchanges. It should
have been discarded fifteen years ago. "B," printed, would pass

most screen inspectors in the laboratory, but difficulty often attends

its life in the printing machine. "C" and "D", if a negative, would
not pass through the average camera mechanism; if a positive, doubt
would ensue as to its proper passage through the printer; and the

splice would obviously require deleting in assembly.
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"A" "B"
Positive Negative

"C" "D"
Raw Stock Raw Stock

Fig. 3. Clamp or Block Made Splices

Figure No. 3 shows examples of splices made with representative
hand clamping devices. They compare, in a certain degree, with
those shown in Figure No. 2, except that better registration and
alignment have been made possible due to the setting and location

of the frame with the use of pilot pins, although, more frequently,

in the splicing of shrunken, stock, the pilot registration of the present
type of block does not anticipate compensation for shrinkage, and,
consequently, cannot be properly joined in frame. The same con-
clusions are deduced, with respect to their ultimate practicability,

as have been stated for the samples in Figure No. 2.

These positive splices were made either by hand or with the use of

hand clamping devices. In the slide, they are flattened out but wound
in a roll of film; they are warped and curled, and in time become
stiff and brittle. This type of splice has been the cause of more
annoyance, waste, and spoilage than all other projection irregularities

combined.
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"A" "R" ctrv) "TV
Positive Positive Postitive Positive

Fig. 4. Cut-Outs from, the Average Exchange and Projection Booths

Samples "A," aB", and UC" are beveled splices; that is, both
emulsion and celluloid surfaces have been scraped to a bevel of 8°.

The average width of these splices is one thirty-second of an inch, or

approximately the width of the average frame line. The thickness

at point of splice is but .0075, which is .0025 thicker than the average
thickness of a single strip of film. Sample "A" for negative raw
stock will readily pass through any of the present day camera move-
ments, and a positive raw stock splice through the printers without
interference or liability of breakage.

Sample "B" is an exposed negative splice, which will be com-
pared in Figure No. 6 with a print of itself on positive stock.

Sample "C" is an exposed positive splice, beveled with the

negative adjustment cutters. To all appearances, this splice is

barely noticeable, and even to the scrutinizing eye is as one continu-

ous piece of film. It is as flexible as the film itself, and its longevity

is determined only by the accuracy and care with which it is made
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"A" "B" "C" "D"
Raw Stock—Positive Negative Positive with Positive

or Negative. Negative ad- Semi-
justment Narrow

Fig. 5. Samples of Splices Made on the B and H Semi-Automatic Film
Splicing Machine

and the proper adjustment of the machine cutters. For all practical

purposes, this splice, in positive release work, was not found success-

ful, as the average machine operators would not give the time and
attention that were necessary in the care and cleanliness of their

machines. The cutters for this type of splice are adjusted and kept
with tolerances of .0003 inch, so that, if care is not taken in keeping
the machine free from cement and scrapings, the fine adjustment is

soon lost, and the splice loses its efficiency. However, that this

type of splice, carefully made, will last indefinitely has been proven
by practical tests; samples of such splices made several years ago
were run continuously in the same strip of film with present day, wider
splices; the latter breaking away, but the old

;
beveled splices seem-

ingly remained as strong as the film itself.

Sample "D" is a semi-narrow, exposed positive splice; its width
being .078, and thickness, .010. It is too wide for successful beveling,

as 'shown in sample. "C." It is, however, readily made by slight
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cutter adjustment on the semi-automatic machine. As is necessary for

any successful splice, all the emulsion or scraped portion must be
removed before applying the cement; for this reason, some users

prefer the wet scrape, but the greater proportion of machine users

today are making the dry scrape as it eliminates one troublesome
operation. This splice, while not as pliable as the beveled splice, is

still very much advanced over the sprocket hole lap of the hand-made
splice; it is the type which under running tests shows the greatest

efficiency: it does not curl, or stiffen the film, and will readily con-

form to the radius of any sprocket, without jumping. It is now
almost universally used by laboratories, in the assembling and
joining of release prints.

Machine-Made
Negative Splice

»B)) ((pi) "TV'

Print of "A" Hand-Made Print of "C"
Negative Splice

Fig. 6. Negative Splices and Prints of Same

Sample "A" shows an exposed negative splice made on a semi-

automatic machine. Its characteristic neatness is transferred to

print (sample "B"). No cut-out is necessary for this patch; it is not
discernible on the screen ; further, it saves much time and annoyance
in the assembling and joining rooms. It is particularly desirable

for laboratories using the automatic system of developing in units

of one-thousand-foot rolls. Ordinarily, the negative is joined in
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lengths as long as is permissible by the laboratory system employed
and the resultant prints, with little or no breaks, eliminate much
handling in assembling and joining; moreover, because of the fewer
splices used, the life of the positive is made considerably longer
than one having a multiplicity of splices. It is for these reasons that
the machine made negative splice has found almost universal usage
in the laboratories of this country.

Compare the hand-made exposed negative splice, sample "C",
with its print, sample "D." This print would probably pass in

most laboratories, but would be rejected in many establishments
;A" B"

Negative Cutter Semi-Narrow Ex. Wide
Hole Lap.

"D"
Hand- or

Clamp-
Made Hole Lap.

Fig. 7. Samples of Positive Splices

where greater perfection is required. The negative splice in this
instance has been very carefully and laboriously made, and, with
good fortune, it might survive several runnings through the printer;
more often, however, it breaks, causing mutilation of valuable
negative and destruction of the continuity of the positive being
printed, resulting in loss of time and additional film spoilage, owing
to rethreading, etc.

In Figure No. 7 there is shown a comparison of various types of
positive splices. "A," UB," and "C" are made on the semi-automatic
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machine, which, by slight cutter adjustment, is easily conformed to

the desired type.

Sample "A," as has previously been stated, is not generally

practical for positive release work, because of the precision and
accuracy of adjustment required.

Sample "B" has been proven ideal for all practical purposes,

both from the standpoint of performance in the machines and for

conservation of the film.

Sample "C" is what has been commonly termed "a compromise
splice;" that is, a type of splice demanded by a number of exchanges
and distributors because of its size being nearer that which the

Fig. 8. Sample of Splices Showing Nicety of Registration with the Negative
Cutters

average exhibitor has been accustomed to, as indicated by sample
aD." While it has the outward appearance of strength, neatness,

and accuracy of register, it lacks the fundamental requirements of an
ideal splice, as was determined by the tests made with sample "B."

Sample "D" should be condemned, as it has no place in a well-

organized industry. To its use may be charged thousands of dollars

in film renewals, interrupted projection, "jumpy" registration on the

screen, twisted, curled, or kinky rolls, and many other irregularities

that are not a part of the advanced mechanism used in the industry.
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DISCUSSION

Mr. Crabtree: Have you considered manufacturing a cheaper
and hand operated machine which might possibly be more universally

used? With the foot operated machine there is danger of injuring

the fingers if the foot lever slips. This danger would be eliminated

if the various levers were controlled with the hands. There is need
of a semi-automatic splicer which is portable and which can be sold

for about $25. I think that such a machine could be made, utilizing

the principles of the foot operated machine.
Mr. McNabb: I might say, in answer to that question, that

the first splicing machine made was a hand-operated affair, but
it was not fast enough for the average laboratory. Foot-operation
ehminates quite a few operations, and while a cheaper hand ma-
chine could be made, we find the average operator will not pay
over $5 for a machine. You cannot build a machine of the accu-

racy of the semi-automatic for many times five dollars and even if

it could be done you would still have trouble in getting many oper-

ators to use any kind of machine.
As to the accident hazard, there is none. Not any more than

there is in operating a typewriter or adding machine, once the
operator is familiar with the levers. The majority of the operators
make a crude hand splice and I might say this also applies to ex-

changes. If you have visited the exchanges and have seen the way
film is handled, you will know what I mean. I think Mr. Richard-
son's paper would go quite a ways toward teaching them something,
if they pay attention to it.

Mr. Richardson: As long as you consider the projectionist

as being merely the operator of a machine, he doesn't care. He
is a cheap man. Why should he pay $5 for something the theater

should bmT
? I do not think the General Electric Company employ-

ees buy the tools; I believe the company does. The Westinghouse
employees would raise an awful howl if compelled to buy a vise.

You are working backwards. You are asking them to pay $5 for

something the theater itself should purchase.

I did not get up exactly to make that oration.

I mean it, just the same, every word of it. That machine, I

think, caused just a little more trouble than any other one thing
I know of. Not, as you say, through any fault of the machine itself,

but because it is not handled right. First-run film would come in two,
sometimes four or five places in a single feature. It was no uncommon
thing. It was not the fault of the machine, it was the fault of the very
great accuracy with which it must be operated, and it was placed in

the hands of people who could not, or would not, operate it that way,
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and the projectionist was the goat. For that reason, I wrote the
makers of the machines several letters and I had a row with one of the
big producing companies, and we had a pretty strong mix-up over it,

because machine splices were causing an immense amount of trouble

with projectionists all over the country.
The splices would not hold; the films came apart, and I took

the position that while there was a necessity for a very narrow
splice in the negative, there was no real necessity for a splice less

than 1/16 inch in a positive.

Mr. McNabb: The trouble that you mention was caused
several years ago in the very early career of this machine. That is,

the machine was first made for negative work only, but, unfortun-
ately, it got into the hands of a laboratory that wanted to show some
efficiency and lower the costs, and they started to put their operators

on a bonus system. The machine first built was not intended for posi-

tive release work; it was strictly for negatives. Anyway, this particu-

lar company paid their machine operators, for assembling and joining,

a bonus for each reel, and of course it was the object of the operators

to splice a great many reels and increase their earnings because they
could make three to five splices more with the machines than they
could by hand. You may readily appreciate that quality was no
object and consequently this is what hurt the machine. I want to

say, the splice that is now generally being made for positive release

work is 3/32 inch wide, which is slightly larger than the 1/16 inch

size mentioned. This 3/32 inch width is the splice that has given
the best results all around. We do not say you should use a wide
splice; in fact, we have demonstrated all the way through that a wide
splice is not as satisfactory as what we term a semi-narrow splice,

which is 3/32 inch. The wide splice proved disastrous in the past, but
of course certain projectionists have formed opinions from the early

negative splices which came apart. They now want to see a splice

lapped the whole width of the sprocket hole which of course can be
made on the semi-automatic machine just as readily as can the

splices of smaller size. We have run a film through a projector six

to eight thousand times without breaking, and we could not run
more than a thousand, I think, with the wider splice.

Mr. Richardson : I took that viewpoint when the trouble came
up. I was forced to take some position, because I venture the

assertion I had five thousand letters on that very thing. It was
an awful nuisance. I could not see where there was any necessity

for more than 1/16 inch, and I could see where anything less than
1/16 inch would be weak, and I could not see why a machine splice

1/16 inch could not be made perfectly.

Mr. Crabtree: How are splices made in the projection room?
That is, what percentage of films are hand-made and what percentage
of operators use a splicing block, or some mechanical device?

Mr. Richardson: Well, again you bring up the proposition.

Where an exhibitor wants a projectionist for about $15 a week, he
wants him to post the bills, scrub the floor, project the pictures,

take tickets when the show is not running, and rewind the films,

while the picture is running. He certainly does not use the machine.
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He uses his fingers, and scrapes the emulsion off with his teeth.

Usually that is about all he can do. Pardon my roughness, I am
trying to impress you with the utterly ridiculous conditions obtain-

ing in thousands of projection rooms, where the basic product of

the industry is placed before the public in a condition which is nothing
short of an outrage on common sense.

Now, answering your question the way you intended. I do not
suppose there is one projectionist in ten who has any kind of a film

splicer at all. I may say that until quite recently there has not been
a real practical film splicer that was not saddled with a highway
robbery price. There was one made here for a long time for which
they asked $7.50, although I venture the assertion it did not cost

fifty cents to make. I was not going to let the men be robbed in

any such way as that. If that machine is to be put out at a reasonable

price in a way it can be handled by the average man, I assure you,

as far as my weak influence will go, I will do everything possible

not to have the projectionists buy it, but to have the theater pur-

chase it as a part of the equipment. That is the one who ought
to buy it, and there should be a campaign inaugurated to instruct

the theater manager and the exhibitor that it is his absolute duty
to get such things, so he can show his product to the public properly.

Why, gentlemen, you do not realize the awful conditions in

some of the projecting rooms. You think I am inclined to exag-

gerate but the conditions are absolutely atrocious in some of the
projecting rooms where the basic product is being sold to the public.

It is not being sold, it is being given away, because it is put on the
screen in such absolutely terrible shape the public won't pay the price.

You must remember I have made trips of thousands of miles;

I have visited numberless theaters and I know the conditions and
think you are beginning to realize that there is justice in my protests.

Mr. Blair: We have been looking into the situation somewhat
and believe the trouble does not lie in the laboratories or the pro-

jecting rooms as much as it does in the exchanges. It is a fact

we could go to exchanges within a few blocks of here and find girls

who are untrained in the art of splicing film intelligently. Girls

are employed by the exchanges, given short instruction and are

then expected to go ahead and make perfect splices, which is im-
possible. These girls are frequently paid on the basis of how much
they can do rather than how well they can do the work and I think

when the film reaches the projectionist, the breaking troubles en-

countered are generally not attributable to him, and much can be
done to improve the whole situation.

Mr. Richardson: How long does it take one of these girls, usu-
ally, to inspect and repair a reel of film; three minutes?

Mr. Blair: I cannot just tell you within a few minutes, Mr.
Richardson, but I know it does not take very long. The amount of

thought put into the work is sometimes very small, and speed
rather than quality is frequently the chief consideration.

Mr. Richardson: I went into a theater here in Boston last

night. The man on duty in the projection room asked me to give

him my opinion: "Now, Richardson, I want it straight from the
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shoulder. What do you find here that is wrong?" and he looked
around with a great deal of pride.

First, I pointed to his rewinder. There were two reels on it.

I said, 'That is geared up to re-wind a thousand feet of film in,

maybe, three minutes, though I should think it would do it in a
minute and a half. You are committing an outrage right there."

Also the reels on the rewinder were entirely out of line with each other
and the side of the film was slapping the reel at every revolution.

I went into an exchange in Oklahoma City ; the man showed me
around with a great deal of pride, and he had a really splendid

exchange. He must have been doing a great deal of business. He
wound up in the inspection room, and he pointed around very
proudly. A girl took a roll of film, which just came from the producer,

and one of the bent-up, twisted reels which cost about fifteen cents

was now put on it, and the new film wound on it at race horse speed.

I looked at the manager. "Nice place all right, but look here, old

man, look at that girl and that old reel. The harm she is doing to the
film would pay for a new reel ten times over." "Well," he said,

"that is kind of bad, isn't it?"

And that is what you find in exchanges. A reel of film comes
in to be inspected. It is given to one of those girls working against

time. If the film is not torn entirely in two she passes it. If she
sees a small defect, she will stop and fix that, maybe, and it is sent out
to a theater to be placed before the public and lives are endangered
by reason of the fire hazard set up by that sort of thing. And,
gentlemen, that is done every day.

That is the sort of thing I am talking about. We are placing

the finished product before the public. Why don't we do it in a
common sense way? Mr. Blair does not begin to do justice to the

utterly idiotic practices of the average exchange.
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PROJECTION AND ITS IMPORTANCE TO THE INDUSTRY

By F. H. Richardson

SYNOPSIS
The ultimate success of any production depends to a very great extent on the

impression received by the audience. Imperfect projection reduces the value of any
production. Neither producers, directors, or players make public protest against bad
projection. Poor projection is to the motion picture the same as house paint and
burlap upholstering would be to an automobile.

THE only reason I have expended time and energy in the prepara-

tion of this paper is that I am, and for many years have been, very
firmly convinced that great harm is done the motion picture in-

dustry through and by reason of the failure of producers, exhibitors and
theatre managers to appreciate, or I might perhaps better say, to

understand the relative effect of high class projection and projection

which is not high class upon the screen image, the viewing of which
is after all the thing upon which the whole industry depends for its

very existence. The success of any production, insofar as concerns
any audience, depends upon two things, viz: What the audience sees

upon the screen, which includes all those various things going to

make up the finished product, and how it sees them, which includes

all those various things which go to make up what we call the "presen-

tation of the picture." That projection is the one most important
item in presentation no one will deny, and that projection has very
much to do with "how it sees them" surely no one will dispute.

Come let us reason together.

Surely there are few, if any men, connected with the motion
picture industry in responsible position who will question, much less

attempt to dispute, the two following propositions together, or either

of them singly

:

(a) Imperfect projection will reduce the attractiveness to the
audience of the finest production ever made, and the reduction will

be in exact proportion to the fault in projection, which may be suffi-

cient to, so far as the individual audience is concerned, ruin the pro-

duction.

(b) While it must be freely granted that high class projection

cannot possibly remedy such faults as may be inherent in any pro-

duction, it may nevertheless serve to send an audience away better

satisfied with a production which in itself is not a good one, or which
even is a poor one, than with a production which is in itself high class,

but which has its inherent good qualities largely nullified and made
unattractive by faults in its projection.

Put in another way, with high class projection the really good
production becomes a brilliantly beautiful thing which sends audi-



ences away with words of praise, so that the play advertises itself

in the very best possible way, whereas the same production may
either not please its audiences at all, or may even put them in a more
or less dissatisfied frame of mind, if it be not well projected.

On the other hand if the production of only mediocre merit be
poorly projected it will be made to appear very poor indeed, whereas
if it be well projected its inherent faults may and probably will be in

a considerable degree redeemed in the eyes of the audience.

I believe the foregoing will not be seriously questioned, much
less disputed by any man conversant with the facts, and if we grant
what has been said to be true, then it becomes difficult to understand
why so little attention is given the matter of placing projection in the
hands of high class men—men of real ability and brains who will

bend every effort to the placing of the finished product of the industry
before the purchaser, the public, in the best possible way.

We find some productions ruined, insofar as has to do with the
individual audience by discolorations of the light, due entirely to

carelessness, by overspeeding, which is utterly ruinous of artistic

results; by dim lighting, by glare spots near the screen; by un-
steadiness caused by failure of the management to provide suit-

able and necessary repairs; by carelessness in the matter of focus;

by dirty lenses or lenses wrongly assembled and by other faults which
have no manner of valid excuse. This sort of thing is all too common
and it seems an astounding thing that neither producer, director,

player or any one else has ever voiced any adequate sort of public

protest. The producer seems either to have no interest at all, or at

least very little interest in what happens to his productions once they
have left his hands. He will labor hard to produce the best possible

photoplay, and will expend money lavishly to that end. Once com-
pleted, however, he will not, or up to date has not made any adequate
effort to get it projected in a way which will give it a one hundred
percent value to audiences, upon whose approval he must depend for

its success.

The director insists that his name be blazoned forth upon the

screen, that he who runs may read, though he must well know that

his work will, in a very large majority of cases, be literally emas-
culated in its reproduction upon the screen, and made over into a

ridiculous travesty upon the original. But do we ever hear any sort

of public protest by a director that his work is not properly repro-

duced? Did you ever hear of such a thing?

The player who gives all of his or her ability and art to the

interpretation of a scene will, and very often does calmly look upon
his or her shadow form transformed into a sort of animated, jerky

jumping-jack by a too fast projection speed, or watches him or herself

literally blotted out by shadows, perhaps, right in the most artistic

part of a scene. Did you ever hear one of them utter a public protest?

Did you ever know of an actor speaking of such abuses in any of the

thousands of "interviews" printed? Do you know of any player who
has made any sort of effort to stop the projection abuses which make
them absurd before thousands of audiences every day?
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It is true that not all exhibitors now permit abuses in projection

which will be visible on the screen of their own theatres, though even
these men make little or no effort to check abuses of the film which,
while they will not appear on their screen, will be visible on the screen

of every theatre using the films thereafter. These exhibitors have,
thanks to the education of years, awakened to the importance of the
perfect reproduction upon the screen of their theatre of the thing the
"eye" of the camera saw, and that it shall be reproduced exactly the
way the lens "saw" it. They have discovered that an absolutely

perfect reproduction of the various scenes, in exactly the way they
were made is "good business" from every viewpoint, including the
item of money making—box office receipts. They have discovered
that artistry in projection really does pay, and they are demanding
it of their projectionists, insofar as concerns their own screen.

But, unfortunately, progressive exhibitors and theatre managers
of this type are still very greatly in the minority, and what we may
call the average theatre manager and exhibitor demands cheapness
rather than quality in all things pertaining to his projection, save only
the films themselves. Many of his kind seem to believe firmly that
quantity will serve to offset any lack of quality—that ten reels pro-

jected at race horse speed, and with perhaps many other imperfections
in the screen result, will be as acceptable, or even more acceptable
than eight reels artistically projected.

Such men are nothing less than a mill stone around the neck
of the industry. They are of the type who believe that "a picture is

a picture" and the audience does not know the difference. They are
the one greatest incubus with which the industry is inflicted.

Let us. draw an analogy. Everything up to the point of com-
pletion and distribution of the positive film is constructive. Projec-

tion is the finish. If the finish be not high class, then the entire

product must and will suffer.

What would you think of the business sense of an automobile
manufacturer who turned his whole plant over to the production of a
high grade car. A powerful, silent running, well balanced engine is

designed, which is economical of gas. A spring action is evolved
which causes the car to ride smoothly over even the roughest roads.

The finest of material is used throughout, until it comes to the finish.

Up to that point the car is the very best that can be made, but sud-

denly the manufacturer becomes economical and has the machine
finished with ordinary house paint and upholstered with burlap.

What would be your opinion of the business sense of this man?
I ask you the question seriously, but warn you to consider your answer
because the house paint and burlap finish for the automobile exactly

typifies what the motion picture industry is to-day doing, or per-

mitting to be done, in practically all theatres up fco a comparatively
short while ago.

The producer labors hard to produce a photoplay of real merit,

often boasting, with much apparent pride, that it "cost half a million

dollars." Up to the point of the "finish" no expense is spared to make
it the best it is possible to produce. It lacks only the "paint and



upholstery" (reproduction upon the screen), when suddenly every-
thing gets tremendously cheap, and the work of the director and the
artist is, in a large percentage of theatres, placed in the hands of a
man whose "ability" is purchasable at from thirty to forty dollars

a week, and what ability he may possess is usually hampered by
orders as to projection speed and limits to projection room upkeep
expense which makes matters still worse. The net result is a "house
paint and burlap finish," because, as in the case of the automobile,
the audience (public) can see only the finish; and a dimly lighted,

fuzzy-focus, shaky, discolored picture, projected at improper speed
certainly is not well finished, or perhaps I might say it is finished, in-

sofar as concerns audiences viewing its projection in that way.
Poor projection imposes a tremendous handicap upon the in-

dustry. It operates to discredit the work of the producer, and has
no legitimate reason for existence. For its own protection in the in-

dustry, including all its component parts, should demand high class

proj ection. No exhibitor has the moral right to inflict poor proj ection

upon the industry, to the serious injury of all concerned. And that
serious injury is thus inflicted who will deny! We see the finest of

productions reproduced upon the screen by men who have neither

knowledge, energy or high grade skill. We find them punching long

strings of holes in the films, for no other reason than that they either

do not know how to make a cue sheet, or are too lazy or shiftless to

do it. We find them speeding up the projector to avoid flicker

tendency, because they do not know how to avoid it otherwise. We
find them setting the projector at a speed to accommodate the
"schedule" for the day, and allowing it to project at steady speed
a production which may require half a dozen or more changes of

projection speed to properly synchronize with camera speed.

The foregoing constitutes but a few of the long list of projection

abuses chargeable directly to the projectionist himself, and to no one
else, the results of which show immediately and directly upon the
screen. But not all projection abuses which produce direct damage
to the projected image can justly be laid at the door of the pro-

jectionist. As I have already pointed out, some of them are due to

the theatre management and its policy of cheapness in projection

room matters. Others are due to the almost criminal procedure

practiced by very many film exchanges. I use the words "almost

criminal" advisedly, because lack of proper inspection and repair

of film by exchanges, or at least by very many of them, is the one most
prolific source of fire danger, and since film fires endanger human
life, I feel entirely justified in employing the strong term. It is not

too much to say that four out of every five film fires which have their

beginning at projector apertures are directly due to lack of proper

inspection and repair of the films, and most emphatically, inspection

and repair is the duty of the exchange and of no one else. It is only

the duty of the projectionist to make such repairs as may become
necessary during the course of projection, and he has the right to

expect to receive films in good mechanical condition from the ex-

change.
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Let us now examine into what losses come through the mis-

handling of films, though in so doing it will be necessary to depend
upon somewhat uncertain estimates.

What seems to be at least a reasonably accurate estimate places

the number of reels of film in daily use in North America (the United
States, Canada, Mexico and Central America) at 125,000. This
seems to be rather an under- than an over-estimate. Accepting it,

if we place the average value of reels of film at twenty dollars (surely

a conservative estimate) then the total value of all film in daily use

north of the Canal Zone is two and one-half millions of dollars.

In considering the amount of unnecessary damage done to film

through the lack of proper procedure in projection, caused by care-

lessness, lack of skill, lack of knowledge, or by hampering orders,

we shall be compelled to depend upon a very rough estimate. I

think, however, no man at all familiar with the subject will doubt the

statement that the films are damaged unnecessarily at least one-half

of one percent of their value daily through the above named causes.

If we accept the estimated total valuation of $2,500,000, then the
daily unnecessary damage would be $12,500, which means that sum
added to the "overhead" expense of the industry.

This does not, of course, seem a very serious matter, since it

amounts to less than a dollar a day per theatre. In fact it would not

be very serious if the actual damage to film, viewed merely as prop-
erty damage, were all, but the truth is that the injury to the film itself

is trivial when compared to the damage caused to screen results. It

may be accepted as fact that any damage done to film in one theatre

will injure the screen result in every other theatre in which the same
film is thereafter used. True, one bit of damage might not appreciably
mar the result in the next theatre, but many small injuries to film

operate to detract very seriously from the projected picture, hence
they lessen the drawing power of the box office.

This argument is not one which may be successfully disputed.

The only question is how much the box office drawing power of

theatres using the older film is lessened, but surely no one can or

will doubt that, when we consider the number of theatres using film

more or less damaged, the loss must be very great. To prove to you
that this is so, I ask you to use your imagination for a moment.

In many, many hundreds of small cities, towns and villages, are

small theatres, and while projection in some of them is very good
indeed, in the great majority it is quite the reverse. In very many of

them it is about as bad as it well could be. In these theatres, or most
of them, old and badly damaged films are used, and in many of the
smaller village theatres the condition of film is nothing short of

terrible.

These theatres for the most part only manage to live, charging
a rather low admission. They are not well patronized. And now here
is where I ask you to let imagination enter and visualize for you what
would be the effect if every theatre in all the land, big and little,

city and village, put on high class projection. By "high class projec-

tion" I mean good films well projected—a screen result equal to the
best of the big city theatres. Never mind telling me it could not be
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done. Just imagine it has been done, and ask yourself this question:

What would be the total added possibility of additional box office

receipts? Would you seriously question an estimate of one million

dollars added box office receipts daily? Think it over ! If you decide
that there would be a probable added receipt of that sum, then I

challenge you to dispute the proposition that poor projection is

costing the industry one million dollars a day, less whatever it might
cost additional to put good projection into all the theatres.

You will most likely say it could not be done, but there I take
issue with you, except that in some places when, owing to limited cur-

rent supply available, it would not be practical to put on so brilliant

a picture as some of the high class city theatres use. However, a
perfect projection can be put on without much brilliancy, and then,

too, the picture is usually much smaller in the small town than in the
large city theatre.

And so I might go on for many pages, but what I have said is

sufficient for my purpose, which is to direct attention to the impor-
tance of perfect projection to the industry and every one connected
with it, and to point out the best and quickest way of getting it.

There are agencies which have for years been waging a battle

for better projection. They have brought about great improvement,
but have not nearly reached the goal. The reason for such slow prog-

ress is found in the fact that these agencies have had absolutely not
one atom of help from those most interested, and who will most
greatly benefit by perfect projection.

The producer has not lifted a finger to help, though producers
could very easily have, and still can bring about quick and sure

improvement merely by calling public attention publicly to the neces-

sity for proper projection of their productions.

The director has not made one move toward either publicly con-

demning the abuse of his work practiced by the speed demon ex-

hibitor, who insists on projecting from six to seven reels in the time
properly allotted to five, nor has he raised his voice publicly in praise

of the projectionist who reproduces his work correctly.

Not one of the players have publicly objected to their shadow
forms being made a monkey of by wrong projection, nor has one of

them, so far as I know, ever publicly praised the work of the pro-

jectionist who reproduces their work correctly.

In conclusion, I think we will all agree that high class projection

is a necessity, and that poor projection works damage exactly in

proportion to its fault, which may be very great indeed. I believe

we shall all agree that high class projection will bring added revenue
at the box office, and add materially to the favor motion pictures

find in the mind of the public. I believe we shall all agree that per-

fect reproduction of the photoplay is something the motion picture

industry owes both to the public and to itself; also that the industry

should and would be willing to pay reasonably for the privilege of

securing perfection in photoplay reproduction, the only question then

being—how may we get it.

Rome was not built in a day, nor can projectionists capable of

high class work be created overnight, but if this society, the pro-
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ducers, directors, and players take up the matter of the importance of

perfection in projection—of perfect reproduction of the photoplay
upon the screen—results would be quickly forthcoming.

One of the greatest possible drawbacks to perfect projection

is the fact that aside from their employer, who makes things un-

pleasant when something is unusually wrong, no one seems to take

the slightest interest in what the projectionist is doing, so long as it

is not too entirely bad. The projectionist is but human. He takes

the attitude: If no one else cares for fine work on the screen why
should I. Once let the man understand that the producers do care

how their productions are put on the screen, that the directors do
care when their work is ruined, that the players do take an active

interest in how their shadow forms are staged, and let the public

focus its eyes on the projection room a bit and we shall see a change.

Under this condition the exhibitor will take some interest in having a

man of ability and brains in his projection room, and we shall soon

have improvement all along the line.
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DISCUSSION

Mr. Richardson: To drive this home to you, I may say I went
down to a theater last night; I do not mind saying it was one of

Loew's theatres, and the reproduction of the photoplay was very
poor. The light was so dim you could hardly see the picture. Now,
what good was that picture to the public, after all the work of the
producer, what good was it? It was simply killed.

President Porter: Gentlemen, I think Mr. Richardson has
given us an excellent paper, and pointed out a place where we have
been very lax in our duty. As engineers, we work to a precision of ten
thousandths of an inch in our machines, and then as Mr. Richardson
has pointed out, we practically lose track of the product. I believe

we should go further and use the best of our ability to see that these

pictures are reproduced so that they will show all that is in them.

Mr. Stewart: I think, Mr. President, that this paper should

be placed in the hands of all the moving picture theaters and all

projectionists. I say that on the basis of having traveled all over
the United States selling moving picture projectors. That was part

of my business, in connection with the moving picture business, and
I know that in the old machine sold as early as 1898, the faults Mr.
Richardson speaks of as being prevelant were present at that time,

and I know that different machines I have operated at different

times were supplied with all kinds of current; trolley juice, with a

barrel of water for a rheostat, calcium light of a rather indefinite

candle power; that the projection as it is today in a great many
theaters is not much better than the pictures I put on the screen in

1898, projected with the Riggs kinematograph. The projection is a

little better than it was then, and in a great many theaters there is

absolutely no attention paid to the light, lenses, or the screens, or

any of the technical features of moving picture production.

Mr. McNabb: I might say I have actual knowledge of efforts

being made to improve the conditions in the exchanges. The As-

sociated First National lectures, one of the largest exchanges or

distributors in the country, is sending out technical men to the

individual exchanges to instruct inspectors and equip their places

with improved machines, and they are doing very good work.
I happen to be acquainted with conditions in one of the ex-

changes they have operated in, and I know they are actually getting

down into the things Mr. Richardson speaks of. If all companies
operating exchanges do the same, I think it will be but a short while

before these irregularities are brought home to the theaters as well

as the distributors.
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Mr. Stewart: In connection with Mr. McNabb's remarks, I

want to say I have inspected machines where the teeth of the sprocket

were turned around like a claw. The face of the tooth sloped not
away from the film but in the direction of the film, and the man who
owned the theater wondered what was the matter with his machine.

Mr. Richardson: I want to say, let the public understand
and see what they are doing, that the thing is operated as a swindle
of the public—swindle is a strong term, but it is an imposition upon
the public when a production is emasculated.

If we can find a way of bringing this before the public, that

settles the whole business, and the exhibitor will break his neck
getting pictures put on the screen right. You and I can talk until

we are black in the face; as long as we talk to the distributor he will

do as he pleases; as long as we talk to the producer he will do as he
pleases, but as soon as the public becomes aroused they will sit up
and take notice.

Mr. Smith: The Capitol theater is supposed to be one of the
finest theaters in this country. It might be well for Mr. Richardson
to tell us why the speed at times is in excess of that mentioned in his

paper. We might get to the bottom of it if Mr. Richardson will give

us a definition of excessive speed. I have been in the Capitol theater

and timed the pictures and I have seen reels run in from eight to

nine minutes.

Mr. Richardson: You have brought up an unfortunate propo-
sition there, because for two years I was ordered to stay out of Mr.
Rothafel's theaters. He is now one of the best friends I have. He
has partially stopped overspeeding. I have stopped criticising Sam
Rothafel, because where a man does such wonderfully good things

and has one fault, one should forgive him that fault. He does not

do things as he used to. I want you to look at the wonderful results

Rothafel gets with color effects and stage effects. You cannot land

on the man too hard for one fault.

Mr. Smith: Your argument, Mr. Richardson, does not hold

good.
Mr. Richardson: Yes, it does hold good, perfectly. I do not

say it is anything but absolutely wrong for Rothafel to overspeed,

but I do say Rothafel is an exceptional man, and he has done very
much to bring the photoplay business to a higher level and we must
forgive him one fault, which he does not practice to any very objec-

tionable extent now.
Mr. Runcie: In the Capitol theater, the projection speed at

the present time is about 85 feet per minute Mr. Richardson; and
I have seen it speeded up a little higher than that during the time of

my experimental work in the projection room. I find it averages

about 85. Of course, a good deal is attributable to the matter of

flicker. To practically eliminate that condition, projection speed
must be increased. The accepted standard projection speed of 60
feet per minute with the ordinary two-wing shutter is a little too

slow. I think, perhaps, the standard of taking speed, that is, camera
speed, might be increased with advantage. If average taking speeds

were increased to say, 70 or 75 per minute, the projectionist would
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be enabled to project his pictures at these correspondingly higher
speeds without any evidence of overspeeding. These higher speeds
would undoubtedly solve the flicker problem.

Mr. Richardson: I might say, Mr. Rothafel never did come
within the limits of what I am talking about today. It is no un-
common thing, in the smaller theaters, on Saturday night, to find

them running a reel of film in five to six minutes—perfectly terrible,

and nobody in the industry protesting. The producer says: "Oh,
well, it is made; kill it if you want to," and such an attitude is entirely

foolish. What is the use of spending millions of dollars in productions
to have them ruined before the public?

Mr. Stewart: I strongly recommend that Mr. Richardson's
paper be given the widest publicity, not only to the journals devoted
to the industry, but also to as many newspapers throughout the
country as will publish it; that is if the Society can get the papers to

devote that much space to it. It is a matter of very vital interest

to the public and to the industry; it is from a man who has been in

the industry as long as any of us.

Mr. Rtjncie: I would suggest that you have copies of the
transactions distributed among the projectionists. I do not know
that all the projectionists would want to pay the price. I think if

you could get the transactions into the projection room, it would
be a good thing.

President Porter: Our transactions are on sale, of course,

at a dollar a volume, and, in cases where it is desirable, reprints can
be secured of any particular part of them, and printed practically

at cost.

Mr. Richardson: You do not quite get my idea, Mr. Chair-

man. It is not the projectionists, but the theater manager. I want
some action taken so the public will get hold of this thing. That is

the purpose of this paper. You can receive a paper and print it in

the proceedings, if you want to, but the idea is to take some action

to get this matter before the public. It never has been done. The
public knows nothing about it. That is the point.

President Porter: That might be a good point to discuss

with our publicity department. Perhaps they could work out some-
thing for you. That is largely their work.

64



PRISMATIC RINGS

By C. Fkancis Jenkins

SYNOPSIS
This paper discloses the progress made in the grinding and polishing of the

prismatic glass rings, and mechanisms employing them. The paper also cites new
applications for these rings which have been discovered since the matter was last

brought to the attention of the Society.

THE Program and Papers Committees had very kindly arranged
an opportunity for a demonstration of the progress made in the

production of prismatic rings, the "impossible" optical shape in

glass. And while perfection has not yet been attained, the results of

film projection are already better than that to be seen in some theatres,

and warrants the expectation that ultimately the picture will be
superior, or certainly the equal of that to be found in the very finest

theatres.

To make this new optical shape in glass, which will approach
in quality shapes which have been standard for years, is requiring

a great deal of time-consuming research work and experimentation,
principally because, being an entirely new shape in glass, no optical

machinery was available for producing it. New machines had,
therefore, to be designed and perfected, at the same time that skill

in the use of the machine was developed. This required the most
patient study, fatiguing delays, and the modulation of one with re-

spect to the other, for it is purely pioneering work.
It is gratifying to report that automatic machinery of a high

order has already been developed, which, under the supervision of

constantly increasing technical skill, is producing the new Prismatic
Rings with a constantly increasing degree of perfection.

Because, during this time-consuming process, overhead expenses
go right along month after month, it was deemed wise to find, mean-
time, as many industrial, scientific and engineering uses for these
new prismatic rings as possible, and to design, build and improve as

many instruments as may be for demonstrating the various uses
proposed. This accounts for an apparent indecision, a scattering

of effort, as one machine after another is added in fields in which
these prisms were thought to be useful.

The following instruments have actually been constructed and
are in use, or are in course of structural development:

—

(1) A motion picture projecting machine for translating con-
tinuously running film into a picture on the screen.

(2) A high speed camera, in which the upper limit of speed seems
to be desirability, rather than mechanical limitation.

(3) A practical and safe motion picture machine for the home
with lithographed pictures in color on paper discs, a 12 inch record,
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about 5/8 inch thick, containing the equivalent of 1000 feet of motion
picture film, and of standard frame size.

(4) A Stroboscope for direct-viewing of moving objects to make
them appear to stand still, and without appreciable diminution in

illumination; the instrument, when required, having a meter attach-

ment giving a direct reading of the linear speed of the object viewed.

(5) A direct-reading ground-speed meter for airplanes, which
gives a correct reading of the true flight irrespective of wind ve-

locity or drift.

Fig. 1. Machine for Demonstrating Behavior of Prismatic Kings

(6) We have just begun the use of these prism discs in mechan-
isms for the transmission of pictures by radio, ultimately motion
pictures. Quite creditable results have already been attained.

One scarcely needs to speak of the advantages of continuous

over intermittent motion in general engineering practice, certainly

so in motion picture cameras and projectors, for it has been ac-

knowledged since the very beginning of pictures, and hundreds of

attempts have been, and are being made to accomplish it. It seems
only reasonable to suppose that sooner or later other ways will be

worked out, especially now that the prismatic ring has shown that

continuous motion is possible in motion picture machinery as in

other branches of engineering.
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It may be worth while to elaborate a little on the advantages
shown by the above tabulation, seriatim :

—

(1-a) Because a continuous motion projecting machine would
conserve shutter losses, it should greatly increase the number of

substitutions of incandescent for arc lamp equipment in theatres,

because it is a shutterless machine. It must be discouraging to the
incandescent lamp manufacturer to spend hundreds of thousands
of dollars to raise the candle power of the filament lamp only to have
50 percent of this gain thrown away because of the light waste of

the rotating shutter, a condition which has existed in every machine
the world over up to this very day.

Fig. Prismatic Ring—Disc Form

Again, when the present plan of jerking the film through the
machine is done away with, and the film runs through the projector

in a smooth, gentle flow, the films will remain "first run" quality for

a longer time, with the rental returns from each print multiplied.

(2-a) With continuous motion a really high speed camera is

entirely practical, speeds which are, very naturally, away beyond
anything possible to be produced by intermittent movement of the
film. Discoveries may be looked for, therefore, with perfect con-

fidence in many lines of study where higher rates of exposure are
employed. This was very forcibly illustrated recently when pigeons,

released from a basket, were photographed by the two types of

cameras, one a well-known intermittent camera of excellent design

and beautiful workmanship, the other a continuous motion camera.
The pictures made at about eight or nine times normal with the

intermittent camera showed the movements of the wings slowed
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down correspondingly, but nothing could be seen of the exact be-

havior of the wings or individual feathers; whereas, the high speed
camera showed that the wings had a weathering action, the tips

touching successively above and below the pigeon. On the down
stroke the wings appear a solid plane; while on the up stroke, the
feathers seem to separate, the feathers at the wing tips very much
resembling the opened fingers of one's hand, a phenomena which
might never have been discovered except at the higher speed.

(3-a) Referring to the paper motion picture disc records; I

feel confident these will solve the home motion picture problem, for

lithographed records can be made in quantity as cheaply and with as

excellent pictures thereon as the Ladies Home Journal, for example.
And obviously the fire risk is nil; while the risk of destruction, which
is a constant source of hazard to the long thin ribbon when it becomes
unwound, doesn't exist at all. These paper disc picture records also

lend themselves very happily to the circulating library idea, which
has always been very attractive, but never before quite feasible. The
service rentals from the record business, I believe, will by all odds
produce the greatest volume of return, for it entertains the second
largest group in our social organization, the family. In this, that is

the collective aggregate, it resembles theatre film service, which, it

will be remembered, is the only branch of the motion picture industry

which has made millionaires.

(4-a) The use of these ring prisms in a stroboscope for direct-

view examination of moving machinery, etc., will doubtless prove
very useful. These prisms give approximately 100 percent illumina-

tion, while in the slotted rotating disc, the illumination is scarcely

more than 1/5 of 1 percent. And very frequently, in Stroboscopic

studies, illumination is absolutely essential to an accurate deter-

mination. An additional feature, where desired, is a meter attachment
by which the linear speed of the object viewed can be read directly

from the scale exactly as with an automobile speedometer.

(5-a) The use of the smaller size prismatic rings, for a direct-

reading ground-speed meter for airplanes, was proposed by an officer

of the Navy. There are decided advantages over any instrument
which has heretofore been proposed. No calculation has to be made
for drift due to any velocity or direction of the wind. The instru-

ment gives a direct-reading of the true flight speed in miles or knots
per hour just as an automobile speedometer gives similarly direct-

readings. There are but three adjustments; the first adjustment is

to set the dial to the altitude of flight, which, of course, is shown by a

glance at the altimeter; the second sets the instrument on the true

line of flight (giving the angle of drift, if the observer cares for it)

;

the third adjustment is the one which regulates the speed of the
mechanism to correspond with the velocity of flight, whereupon, the

speed is read directly from the dial.

(6-a) A description of the use of these prismatic rings in the

proposed broadcasting of motion pictures is approached with some
hesitation, because of the very nature of the thing;—it seems too

visionary. While the initial contemplation of the accomplished
fact is a bit startling, it should be remembered that there ought to be
no more insurmountable difficulty in translating area! electrical wave
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impulses into pictures, if the waves have picture characteristics

impressed thereon, than in translating electrical waves into speech

if the waves have speech characteristics impressed thereon; it is a

matter of combining with these new ring prisms, the proper well-

known elements in operative relation, elements to be found in any
modern text book on physics, and already in industrial or scientific use.

Fig. 3. Multiple-Disc Paper Motion Picture Record

I would glady explain in detail the working plans and mecha-
nisms now in course of test development, if your time permitted,

but perhaps I should limit myself to the explanation that the picture

sending set (which takes the place of the carbon transmitter in an
audio-radio broadcasting station) consists of (1) a pair of the new
prismatic rings and (2) a light-sensitive cell; and that the picture

receiving set (which takes the place of the phones in audio-radio

receiving stations) consists of (a) a similiar pair of prismatic rings

and (b) a simple light valve.

Such broadcasting of pictorial service to newspapers can be
made as profitable as Associated Press Service, and doubtless would
be conducted in much the same way. The volume of possible revenue
to be derived from such pictorial news service is purely an executive

problem, for, as distribution is relatively inexpensive, and the cost

no more to serve a thousand papers than a dozen, there would seem
to be no other limit than business ability.

The ultimate wide installation of these broadcasting stations

for pictures should help also to discourage forgery, embezzlement,
robbery, murder, and the like, because a suspect could be stood up
in front of a broadcasting machine, and his image appear in every
police station in the country equipped with a suitable receiving in-
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strument, and the detectives invited in to look at and identify him,
or to be photographed and filed away for future use.

Another profitable field for immediate attack would be a service

comparable to motion picture distribution. From a single station in

selected territories pictures would be broadcasted, and every theatre
within the area covered could install a receiving set, and rent service,

enabling them to present on their several screens a duplicate of the
picture film then running through the machines at central (broad-
casting) station. Obviously this service could be rendered these
theatres for less cost than the charge necessary to the maintenance
of the expensive film "exchanges" now needed in practically every
large city, and make it 100 percent time service, entirely eliminating

the 66 2/3 percent express-transportation time loss.

Fig. 4. . Prismatic Eing—Band Form

Sources of income give volume of return in almost direct pro-

portion as the consumers served fall into one of four general groups;

the largest group being the individual buyer; the second largest the
family; the third, theatres; and fourth, schools and churches. Mr.
Henry Ford's great success has resulted to a considerable extent from
selling a standardized, quantity distribution article at a popular price.

As to results, I think the illustration is fairly comparable to the

broadcasting of music and pictures; though it is a sobering responsi-

bility for those having in their hands this power for good or evil over
the great audience of family circles which will be looking in every
evening on these broadcasted pictures, for the new machine comes
to the fireside as a fascinating visitor, teacher, and entertainer, with-

out language, literacy or age limitation.

The broadcasting of motion pictures is coming at a very for-

tunate time for its easiest introduction to the public, because, about
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the date that it is ready to be exploited, the public will have been
made alive to the delights of broadcasting in general, through the

use of receiving sets for broadcasted music, etc., and will be keen
for taking up the broadcasting of pictures as well. The "bugs" will,

in great numbers, switch over from music to motion pictures, for

they have only to substitute the picture set for the telephone set on
their present equipment. The enterprise will ride into instant popu-
larity on the crest of publicity given the new art of broadcasting.

Because the longer waves have been pre-empted, and because
the sharper tuning and narrower bands lie below 100 meters, it is

A
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Fig. 5. Schematic Drawing of Elements Employed in Broadcasting of

Motion Pictures

doubtless wise to adopt initially short wave lengths for motion picture

broadcasting, and a single city as the limit for each broadcasting
station. This greatly simplifies the problems involved, and amply
justifies the very modest installation and maintenance cost of the
broadcasting station. The receiving instruments would remain
the property of licenses of the local territory and only "picture
service" rented, an arrangements comparable to telephone service.

The revenue from family circles, theatres, schools, churches, clubs,

etc., subscribing to this picture service should satisfy the most
avaricious.
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DISCUSSION

Mr. Jenkins: If this prismatic ring has any merit at all,

it will win; if not, if it has no merit, let me discover it before I go
broke. That is the way I feel about it. It would be foolish for Mr.
Jenkins, or anybody else, to think that all the knowledge of all the
world is tied up in one red head. If there is any merit in these

prismatic rings let me find it out; if there is no merit in them, I want
to find it out quicker than you do.

(Demonstration upon the screen)

Me. Jenkins: I deliberately selected this series of films;

some of them are 20 years old, some of them are in color. The idea

was to find out if the machine would run old, shrunken film as well

as it would the more modern film. Now, I am going to take the cover
off this machine, so you gentlemen may examine it as much as you
like. The lantern pictures I will now show you on the screen may not
come in exactly the order I might prefer, but will do. This is the
actual machine we broadcast the pictures with, and it has again the

two discs, but in this case, the discs are set at right angles to each other

at the point where the light beam passes through them. The effect

of these prisms is to bend the ray of light in the plane of the diameter
of the disc. If a ray of light passes through this plate it will give

the light a vibration in the plane of the diameter of the plate we are

considering. The other plate is set at right angles to it, and will give

the light a vibration in the plane of the diameter of that plate.

Therefore, a ray of light passing through these overlapping discs and
through a lens will cross this picture from top to bottom by reason of

one plate, and the other plate will give it a left to right motion across

the picture.

Now, if we consider one plate, the light beam movement will

go straight across the picture surface. If we consider the other plate,

the movement will be straight down. Therefore, the resultant of the

two forces applied together would be a diagonal. But when one plate

runs one hundred times faster than the other, the light point will

travel across the picture surface in 100 parallel stripes, because one
of them is pulling it very slowly down across the picture 16 times a

second, while the other is doing 1600 times a second, from left to

right. Therefore, it will cover the whole picture 16 times a second,

which is adequate for our purpose, that is, the transmission of motion
pictures.

As the light beam crosses the picture surface it is reflected

from the light parts, but when it strikes a black portion, the light is

practically cut off; therefore, the light sensitive cell, located in the

fixed axis of these plates, will be affected accordingly, and in turn
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modulates the radio waves employed as a vehicle to carry over the

intervening distance between the sending and receiving stations.

That sensitive cell, therefore, is impressing on the wireless waves
the necessary modulation at the sending station. At the receiving

station, we have another two plates, but instead of the photo-electric

cell we have a light-valve and a receiving surface in a dark room.
Therefore, a ray of light from a fixed source, coming through the

valve is impressed on the plate in the same order exactly, both in

time and position, at the point of the beam.
It is very similar to taking white chalk pencil and on the black-

board drawing lines left to right so closely they touch each other,

and lifting the pencil now and then in such an order that it leaves an
image on that photographic plate.

This is a diagrammatic sketch of just what I have been telling

you. This is all there is of the sending set, i. e., a picture surface, two
of the prismatic plates, and a lens for focusing the successive portions

of the picture surface onto a light-sensitive cell.

Now, the receiving set is only a similar pair of discs, with a
light valve and a concentrated source of light. The light valve con-

sists of a polarizer, an analyzer, and a solenoid between them. The
analyzer is crossed with respect to the polarizer to get total extinction

of the light of the analyzer. But when current passes through the
solenoid the light beam is rotated and passes through the analyzer.

The light passing is in direct proportion to the current strength. By
this means then we are able to get the half-tones as well as the blacks

and whites of the picture sent from the sending station.

This shows, perhaps, a little better how we get around the high
speed difficulty. This particular plate rotates very fast, and has eight

divisions on it, eight prisms. Therefore, the 1600 speed we need may
be divided by eight, or 2000 revolutions per minute, which is not
excessive at all, and it covers this whole surface sixteen times per
second. We are, therefore, within the range of motion picture speed.

Mr. Richardson: I should like to ask Mr. Jenkins to do one
thing, if he will. In the paper, in many places the word "projector"
and in other places the words "projectoring machine" are used. We
are trying to get rid of that word "machine" for many reasons, and
I will ask you to substitute the word "projector" for "machine" if

you do not mind.
Mr. Jenkins: I do not see the essential difference between

automobile and motor car, or a "projector" and "projecting machine."
Mr. Gregory: How can that light valve respond quickly

enough to repeat sequence of differing strengths of lights to rotate the
prisms sufficiently fast?

Mr. Jenkins: It has been my clumsiness of expression that
has left you in the dark. It is an absolutely fixed light-valve, no
moving parts at all. It is the magnetic field that rotates, not the
analyzer.

Mr. Gregory: I understand that. I thought the second nicol

had to be rotated.

Mr. Jenkins: No.



A NEW TRANSPARENT ROTARY SHUTTER

By W. Osboene Runcie

SYNOPSIS
This is a description of a new form of rotary shutter for intermittent motion

picture projection apparatus. The idea is based on the principle of optical admixture
of the three primary colors or of a complementary pair in order to produce the sensation

of white. Scientific application of the above principle has resulted in increased screen

illumination and decided reduction of flicker. The theory involved and its practical

application are fully dealt with by the author.

DURING the past two and a half decades, a period representing

the practical existence of the motion picture, engineers and
inventors have devoted their attention to both forms of motion

picture mechanisms, i.e. intermittent and continuous. The inter-

mittent form is in general use throughout the world to-day in spite of

its many disadvantages, chief among them being nicker and loss of

available illumination at the screen. The opaque segment rotary
shutter in general use is greatly responsible for the existence of these

conditions.

Various attempts have been made from time to time to reduce
these objectionable defects. Usually the opaque segments of the
shutter are perforated and the perforations more or less filled with a

varnish or other substance to render them translucent, or the sectors

are made of some translucent material. When a shutter having
translucent sectors is employed, the available transmitted light is not
confined to the screen but is scattered outside the picture area as

well, thereby serving no useful purpose and to that extent not reducing
the flicker phenomena.

Realizing the need for a more efficient shutter, I determined to

analyze closely the present form and decided that the essential thing

was to cause the screen to be continuously illuminated but that the
light beam should remain symmetrical during the complete cycle of

operation of the shutter. In other words, the problem was to decrease

the ratio of contrast values at the screen.

The shutter now under consideration is based on the Trichro-
matic Theory of Vision. These three colors if optically mixed in

correct proportions produce in the eyes of the observer the sensation

of white. Any two colors which are complementary will also produce
the sensation of white.

Applying the above principle to the two forms of shutters which
I have constructed, I employ in the three-wing form a transparent
blue masking blade and transparent anti-flicker blades of red and
green, respectively. For the two-wing form each blade may consist of

one of a pair of transparent complementary colors, or one blade may
be blue which would be utilized as the masking blade and the other
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composed of juxtaposed segments of red and green, the latter two
colors on optical admixture producing the sensation of yellow, which
is of course complementary to blue. Optical admixture of the combi-
nation will therefore produce the sensation of white.

It is well-known that the luminosity of colors vary in accordance
with their position in the spectrum. Advantage is taken of this

fact by employing for the masking blade a color of low visual lumi-

nosity. I have found that a deep blue fills all requirements and effectu-

ally eliminates all visible travel during the period of transition from
one picture to the next. It is, however, significant that the luminosity

of the mixed light on rotation of the shutter at a speed sufficient to

satisfy the law of persistance of vision is equal to the sum of the lu-

minosities of its components, hence this increase in light due to the

above phenomena will be added to the light passing through the

normal openings of the shutter thereby increasing screen illumination

to a very marked degree.

Since transparent instead of translucent sectors are employed,
the light from the objective is not diffused or scattered but maintains
its symmetry at the screen; flicker is therefore greatly reduced the

screen is never totally dark as would otherwise occur during the
eclipse periods of the opaque sector shutter. Hence the contrast

values at the screen are in lower ratio.

Accurate measurements made by F. E. Ives with his tint pho-
tometer showed an increase of 12J^ per cent in screen illumination

with a 50-50 shutter. The percentage of extra screen illumination

resulting from the light passing through the transparent blades varies

with the ration of total blade area to total light opening area of the
shutter.

From the above deduction it is obvious that by the substi tution

of transparent blades, the ordinary shutter of say 45-55 light to dark
period is rendered more efficient and in greater proportion to one of

say 60-40 light to dark period.

It now remains to be explained how it is possible to eliminate

travel ghost effectively during the period of transition from one
picture to the next when a transparent masking blade is employed.

1. A color of low visual luminosity such as the blue when
reflected back from the screen to the eyes of the observer is of very low
intensity yet sufficient to balance the other color to make a good white.

2. The phenomena which, however, is the real explanation, is

that colors vary in their power or influence on the rate of growth and
decay on the retina.

It appears that a greater lag occurs with blue. Therefore, when
the blue masking blade passes over the objective, the eye fails to

record the blue light on the screen, consequently it also fails to record
the picture movement, and before it does, another picture is presented
to view.

To summarize, the advantages gained by the employment of the
transparent shutter are:

1. Increased screen illumination.

2. Marked reduction of flicker.

3. Elimination of eye strain.
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DISCUSSION

Me. Jones: I should like to inquire of Mr. Runcie if he thinks
there is any advantage in using green and blue sectors instead of

neutral sectors of the same effective total transmission?
Mr. Runcie: The difficulty is this; if neutral gray transparent

sectors were employed in the construction of a shutter of this type, it

would be practically impossible to eliminate "travel" unless the shade
of gray constituting the masking blade were made so dark as to permit
of very low light transmission. Consequently, the advantages of the
transparent shutter would be defeated. I did, however, make provi-

sion in my patent application for the use of neutral sectors.

After a great deal of intensive experimentation, I have found that
a deep blue transparent masking blade effectually eliminates "travel."

This discovery has led me to the conclusion that colors of differing

wave lengths vary, in point of time, in their ability to make retinal

impressions. For instance, there is a greater retinal lag for green
than there is for red or yellow, and still more for blue.

Mr. Richardson: I do not believe it is possible to judge intel-

ligently of a proposition of this kind from viewing a demonstration of

that character. As I told Mr. Runcie, the only way I would under-
take to express an opinion would be to see identical films projected

side by side with one projector using an opaque shutter and the other
equipped with the shutter being tested. I do believe, however, that
there is a big and useful field for the color blade shutter in connection
with the high intensity arc.

Mr. Runcie: In that connection, Mr. Richardson, I have made
a shutter demonstration at the Capitol Theatre in New York, where
Mr. Rothafel had been using aesculine filters on the projection lenses

for eliminating some of the violet rays in an effort to counteract the
bluish cast of the light produced by the high intensity arc. Having
this in mind, I designed a set of transparent shutters for the Capitol

Theatre in which an excess of yellow was introduced by increasing the
area of the red sector and decreasing the area of the green sector. The
result produced on optical admixture of the three colors by rotation

was of a yellowish color which neutralized the bluish color of the high
intensity arc, thereby permitting the removal of the aesculine filters.

Mr. Dennington: If the blue is sufficiently dense to eliminate

travel ghost, is there not also enough difference in light transmission

between it and the transmission of the other plate of the shutter to

give decided flicker?

Mr. Runcie: No, Mr. Dennington. In my experiments, I have
found that it was necessary to balance the luminosity values of the

various colors. At the same time I was able to proportion.the blades
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in such a way as to reduce flicker effectually. I have given this matter
a great deal of thought, as difficulties arose while experimenting with
shutters made of pot-colored, and flashed glass. I found that the
spectral transmissions of available colored glass were incorrect for

my purpose; therefore, I turned my attention to gelatine coated plates

colored with aniline dyes of correct hues.

I have succeeded in practically eliminating flicker by correctly

proportioning the color sectors of suitable spectral transmissions.

Mr. Dennington: You get enough mixing, so there is a notice-

able reduction of the flicker?

Mr. Runcie: Oh, Yes.
Mr. Dennington: That is an important feature of this shutter,

rather than the increase of illumination, I take it?

Mr. Runcie : Of course, as I said before, the increase of illumina-

tion is six per cent by tint photometer measurement, and while it may
appear to be insignificant, it is considerable. The observer may not
readily notice the difference but still it actually exists.

Mr. Stewart: Mr. Runcie says that photometer measurements
show a five per cent difference in the screen brightness. Is that cor-

rect?

Mr. Runcie : Yes, there is that difference of white light; at least,

an addition of white light to what would be passing normally through
the open segments of the shutter.

Mr. Stewart: Five per cent?

Mr. Runcie: Yes.
Mr. Stewart: Now, gentlemen, here is a thing I have been

thinking about for a good many years in motion picture projection.

I do not believe it is possible under ordinary circumstances to notice

an increase of 6 per cent in the picture brightness, and it is my opinion

that the brightness of the screen at the right was at least 50 per cent

greater than that on the left. (Other observers did not agree with
this estimate, being of the opinion that the difference was much less.)

You will note from the different opinions expressed by members
of this audience that it is very difficult to obtain anything like good
agreement in estimating screen brightness, especially when there is a
color difference. Under such circumstances a very wide difference of

opinion will be found among observers as to relative brightness. We
found on one occasion that it took six times the candle power of white
light to produce the same apparent brightness as when yellow light

was used. Now getting back to the demonstration on the screen, it is

evident that there was considerable more illumination on the right

hand area than on the left but it is stated that according to the
photometer the difference was only 6 per cent. It is evident, there-

fore, that the photometric measurements do not indicate the actual

effective relative brightnesses.

Mr. Jones: I think we are absolutely wrong in trying to make
judgments of relative brightness under these circumstances. We do
not know that the two lamps are operated at the same candle power,
nor do we know that the optical systems of the two machines are so

adjusted as to give equal screen brightnesses, if used without shutters

or with identical shutters. As to the validity of photometric measure-
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ments for determining relative subjective brightness, in the case of

different colored illumination, I think it has been proven conclusively

that if the measurements are properly made they will be a precise

indication of the relative subjective brightness. Of course, there are

many methods of making photometric measurements but an examina-
tion of the literature of the subject will convince anyone that measure-
ments made by the flicker method are reliable.

Mr. Richardson: I do not want to embarrass the chairman by
going into a discussion of this matter, but I think there is a tremen-
dously important point raised right here. I venture the assertion

that if you divide the men in this room into groups and ask each
group to express an honest opinion, there would be a very divergent

opinion as to which light appeared the brighter. Personally, I think

the left light appeared very much brighter.

Chorus of Voices: Yes.

Mr. Richardson: Mr. Stewart thought the right was brighter.

I have found it to be true in photometric measurements and com-
parisons of the screens as viewed that there is a vast difference in the
effect of light on different eyes. It, therefore, is utterly impossible to

express an intelligent opinion on this sort of thing.

Mr. Egeler: As I understood Mr. Runcie, there are two prin-

cipal features in connection with this shutter; the first is the visual

effect due to the use of colored screens; the second is the increase in

screen illumination. With regard to the latter feature, I would like

to ask if a comparison has been made of the screen illumination pro-

duced with the colored shutter blades in comparison with what might
be obtained by two narrow opaque blades which obstruct the beam
when the film is stationary. It is perfectly possible, of course, to use

narrow these flicker blades in most shutters.

Mr. Runcie : It is very true, Mr. Egeler, that the same increase

of illumination can be obtained in that way, but it increases the

flicker. Flicker phenomena has been thoroughly investigated in

conjunction with the present form of shutter, and it has been found
that the best compromise is obtained by the present system of blade
arrangement and area distribution.

By narrowing the anti-flicker blades you undoubtedly increase

screen illumination, but there is certainly a corresponding increase

of flicker introduced. I heartily agree with Mr. Jones, that we lack

the proper facilities for making measurements here, consequently it

is impossible to pass any opinion on the matter.

The only measurements that could be made to verify my state-

ments absolutely would be to make photometric measurements at

the screen employing both types of shutters. The percentage of

white light passing through the transparent sectors was determined
by measurements made with the Ives tint photometer. The pro-

cedure was as follows

:

Three transparent colored strips, red, green, and blue, identical

with those used in the shutter construction were arranged side by
side in their correct proportions in the photometer. The mixing wheel
was then rotated to produce optical admixture of the colors, the resul-

tant being white. The intensity of the comparison light was then
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reduced to match the white produced by admixture of the three

primary colors as already explained. The position of the lever on the
photometer scale indicated six per cent.

In answer to Mr. Richardson's question I would say that in

the demonstration tests you have all witnessed both shutters were
identical in blade width and area, therefore the light reaching the
screen, all other conditions being equal, should also be identical.

There is, however, six per cent of the light incident on the shutter

that passes through the colored sections which is, of course, added to

the light passing through the open sectors. Your statement is correct

that no two persons looking at the screen tests are able to form the
same opinion.

Mr. Palmer: It seems to me that some of the arguments we
have heard about the shutter are wrong, because they are based on the
assumption that there is white light coming from the film. We all

know that in the pictures as they are turned out today, a very large

percentage of the print is on a tinted base. We are using yellow,

green, blue, red, pink, and all the other colors, and therefore this

balancing up, by means of the bluer glass, would not really be true.

Mr. Cook: About eight or ten years ago, there was a good deal

of discussion among projectionists and in the technical trade papers
about this very matter of colored shutters. I have an old file copy of

either the "News" or the "World" which went into it at great length,

and I know we experimented with colored plates made by the Arling-

ton Company of very much the same nature Mr. Runcie has de-

scribed and we found that although we could lower our projection

speed to 40 feet a minute without objectionable flicker, we got no
clear black and white. We got nothing but dirty brown in the
shadows and grayish browns in the highlights. I should like to ask
Mr. Runcie if he does not get the same effect when he tries black and
white films without tints? Do you get clear black and white pro-

jections in your films?

Mr. Runcie: Yes, sir, I do; because I have made experiments to

determine that very point. It is true as far as colored fabrics are

concerned, because, being translucent, they scatter the light, thereby
causing degradation of the shadows and half tones of the projected

picture. You will observe that I am using transparent, not translu-

cent blades, consequently no light is scattered in the auditorium be-

cause the blades being transparent permit the projected beam to pass

uninterruptedly and symmetrically to the screen.
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NEGATIVE TEST METHOD AS AN AID IN CONDENSER
DESIGN

By J. T. Beechlyn

SYNOPSIS
A new method is outlined for testing the performance of a projecting system

including light sources, condensing, and projecting lenses. The usual conditions are
reversed, the light source being replaced by a dark target possessing identical dimen-
sions and surrounded by a lighted area. Under such conditions perfection of adjust-

ment is indicated by a uniformly dark screen. Any departure from correct adjustment
is indicated by the presence of light patches. A new two lens condensing system is

described which gives a gain of approximately 50 per cent in the screen brightness.

The effect upon screen brightness of various factors such as spherical aberration in
the condensing lens and lack of correct adjustment of the component parts of the

system is discussed.

THE subject of condensers has undoubtedly come in for a larger

share of discussion before this Society than any other single

element employed in the optical train of a projection system.
In view of the many excellent papers presented, it might appear
needless to bring this matter again before the Society.

The need of further work in condenser design and particularly as

applied to the incandescent lamp has, however, persisted and this

was emphasized by facts brought out in a paper before the last meet-
ing of the Society and the discussion that followed in which it was
shown how far from the ultimate efficiency we really are.

A large number of test data are available in our Transactions
showing relative light values with various condenser systems at a

great many different settings. In striving for further improvement,
it is, however, also of value to know the exact causes of the short-

comings of any particular arrangement or combination, and it is the

object of this paper to describe a method that at least to some extent

enables one to determine this.

It is well-known that if a screen is moved along the optical axis

in front of a projection lens, the various planes containing other

elements behind the lens will successively be brought into focus.

Thus the aperture is brought to a sharp focus a considerable distance

away while the image of the condenser first appears as we approach
closely to the lens where its various surfaces successively are brought
out with more or less sharpness.

Examination of the aerial image at this range by means of a
blackish screen is often of value in checking the alignment of con-

denser and aperture with respect to the axis, since these may both be
distinguished at the same time if they are not too far removed from
each other. It is also, however, of some value in determining the

effectiveness of the whole arrangement with respect to the light
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source, since a portion of the field may be found to be but dimly
lighted or even entirely obscured.

It is evident that such a condition indicates the insufficiency of

the source area to satisfy that particular lens system. The fault may
really belong with the condenser in misdirecting the light, still, if the
source area was extended far enough it would under ordinary con-

ditions eventually be able to cover any missing portion of the field.

A dark area in the condenser image is therefore really a projection

of some portion of the dark surroundings of the source area. If by
changed setting or substitution of a lens element the obscured area

is eliminated, there still is no certainty that the efficiency is improved
since a large portion of the field may now be lowered in intensity

without the eye being able to detect such shortcoming under these

conditions. The eye will, however, readily perceive a very small

fraction of the ultimate light value when this is contracted with
entire obscuration.

Therefore as we reverse conditions and replace the light source

with a dark target possessing identical dimensions and surround this

with a lighted area, a negative image of true condition is created on
the screen and the eye will be in a position to detect readily any por-

tion of the target's surroundings that has reached the screen since

this will now appear as light and by its position indicate which part

of the condenser is at fault.

If the target is of sufficient area to cover the field through a

given lens system or, what more nearly meets existing conditions

(since we are dealing with a limited and standardized source area)

if the condenser is able to convert the target image so as to satisfy

fully the objective, then no light will be transmitted and the criterion

for condenser efficiency therefore becomes a black screen.

If the condenser lenses be mounted without frames and the
lighted area behind them be extended so that light is permitted to

enter the aperture past the edge of the condenser lenses, some light

may strike where it will appear as a bright ring surrounding the
black disc that represents the condenser image proper. The width
of this band indicates to what extent the full aperture of the objective

lens is being utilized by the angle subtended by the condenser and
entire darkness does not result until this has been carried to the

limit and the 100 per cent condenser attained. This figure refers, of

course, to the directional properties only and takes no cognizance of

the reflection and transmission losses with the detection of which
this method has nothing to do.

With the testing apparatus that has been constructed, various

defects of existing condenser systems can be readily demonstrated
such as spherical aberration in plano-convex systems, unevenness
of surface in moulded lenses, and riser rings in prismatic condensers.

There can also be demonstrated the 100 per cent distribution

efficiency of a new aspheric condenser that has lately been developed.

It has been shown before this Society that a very substantial

gain in efficiency can be obtained with a standard 4 inch 900 watt
incandescent source by the use of small condenser lenses of short focus
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placed close to the aperture, the gain observed in comparison with a

4J/2 inch condenser being of the order of 50 to 60 per cent.

Now the question naturally arises as to what this gain is due.
The lenses employed had ordinary spherical and plane surfaces.

Why did not spherical aberration prevent this efficiency? The
answer is, of course, that although spherical aberration did take place

in both cases the distance traveled by the ray in the case of the small
lens was not sufficient to cause a linear displacement that would cause
it to miss the aperture or fail to reach the objective lens. The fact

is that there is nothing that can be obtained by working close to the
aperture that cannot be equalled with larger lenses placed farther back
if only proper corrections be made in the lens surfaces. The farther

back we go the greater the accuracy required. It is like the problem
of hitting a window at a distance of a few yards which can be accom-
plished almost without aim with most any kind of device but if the
range be increased to a thousand yards then there is required a rifle

made with extreme accuracy and handled with great skill.

The new condenser is a two lens combination corrected for

aberration and to avoid image formation at the aperture. With it

is realized the same gain of 50 to 60 per cent which was indicated

with the small condenser. It is 5 inches in diameter and designed for

a distance of 6J^ to 7 inches from the aperture. With this distance

extreme accuracy of the surface has not been required which is

largely due to the provision for a considerable surplus at the aper-

ture plate. A surplus can ordinarily be obtained in two ways:
through enlargement of the source or through a high magnification

ratio coupled with a larger intake from the given source. If a 100

per cent screen is to be maintained in practice, a surplus is required

by reason of three considerations.

1. To cover inherent defects in the design

2. To cover inaccuracies in manufacture
3. To cover inaccuracies in alignment.

A liberal surplus has been attained by raising the intake angle

from 76° as in the prismatic to 106° in the present lens. This brings

the rear lens very close to the source but cracking is prevented by
employment of heat resisting glass in this element. It gives a uniform
screen at a setting close to its position for maximum light.



DISCUSSION

Mr. Egeler: I was very interested to note that the new con-

denser utilizes a principle that has not been commercially used
before on professional projectors, possibly because of application

difficulties. Perhaps my friends who are in the business of making
lenses can inform us on that point. The principle to which I refer is

the use of two condensers in which the front element is larger than
the rear element so that essentially all of the light passed by the
rear element is intercepted by the front unit. With ordinary con-

densers composed of two elements we have a loss because all the light

from the outer zones of the rear lens does not actually reach the
second element; in this condenser, apparently, the second element
intercepts practically all of the light passed by the first and a much
higher utilization results. There may be manufacturing reasons why
this arrangement was not employed before, or perhaps it was a matter
of changing established practice in the design of projectors. It would
seem that a material increase in condenser efficiency would warrant
considerable change in design practice on account of the continuous
saving in energy cost which could be effected during the operation of

the projector throughout its entire life.

Dr. Kellner: The reason such lenses were not put in the
standard machines before this lies chiefly in the fact that they could

not be produced cheaply enough. I may say here that I am very glad

to find that someone else has successfully tackled this important
problem simultaneously with ourselves and congratulate Mr. Beech-
lyn upon his beautiful results.

Mr. Jenkins: The condenser problem is ever with us, as has
just been remarked. Just why they use a condenser I have not found
out yet. There is a 78 to 80 per cent loss of light, according to some
published diagrams of the General Electric Company, before you get

to the aperture. That being so, why do not our lamp manufacturers
give us a rectangular light source, a uniform source of light so that

we may do away with the condensers. That is what I hope will some
day come to us, and you will therefore get less loss of light than at

present.

Mr. Richardson: If you have that, you must have your source
of light absolutely uniform, otherwise you will have a screen that will

be spotted. Another question on this: in speaking of this larger lens

next to the screen, if you place an opaque yellow plate over an ordi-

nary condenser leaving say a quarter of an inch space open at the
outer edge, you will have to increase your amperage to something
like 80 or 90 before you get any light on the screen at all, so that

there is no benefit with an ordinary amperage in increasing the di-
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ameter of the present condenser as now used. On the other hand, if

you decrease the diameter of the collector lens, it requires a lens 7

inches in diameter located 3J^ inches from the light source to collect

the same amount of light collected by a 4^ inch diameter lens

located 2^ inches from the light source. The condenser problem
is with us, as brother Jenkins has very well said, but it presents so

very many different angles from the practical viewpoint that I

firmly believe that when you come actually to put it in operation and
put light on the screen, you are going to have your troubles in solving

it, and solving it in any right way.
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SOME APPLICATIONS OF ASPHERICAL LENSES IN MOTION
PICTURE WORK

By Herman Kellner1

ONE of the most important requisites of a motion picture taking

lens is speed. This is, in plain words, the ability to produce
on the sensitive film that density which is necessary to produce

a useful picture. This speed is given, generally, as-the ratio of aperture
to E. F. 2 The greater the diameter of the effective aperture for the
same E. F., the more light passes through the lens, and the shorter

is the necessary exposure. Strictly speaking, however, the speed
as defined by the aperture ratio is not alone the determining factor

for the density of the plate, because the latter depends to some con-

siderable extent upon the number of reflecting surfaces occurring
in the objective and upon the kind of glass used. I may refer here
to a paper which I read in the Dayton Meeting of this Society in

October, 1920. It may therefore happen, that two lenses of the same
/ value differ in effective speed, and it is also possible that a lens of

smaller / value may have the same and even a greater effective speed
than another one of higher/ value.

In the following I shall give a few examples of speedy lenses and
consider the possibilities of increasing speed and maintaining
acceptable results on the plate.

The correction of a lens is perfect when an object point located

in the optical axis, as well as object points in any part of the field

covered by the lens are imaged as points. Since in optics as well

as elsewhere in the world nothing is perfect, this ideal cannot be
realized but may be approached with a degree of approximation de-

pending on the nature of the work for which the lens is intended. For
instance, a very fast lens will not cover as much field as a wide angle

lens, in which the gain of field is made at a sacrifice of speed.

The performance of the lens can be judged by the degree to

which it is corrected for a point in the optical axis—spherical aberra-

tion—and for a point outside of the optical axis, generally near the
margin of the plate—astigmatism, coma, and flatness of field.

Before entering upon the subject proper, I give here, by request,

a short discussion of the principle aberrations, as they occur in

photographic and projection lenses. Although this may be con-

sidered as somewhat foreign to the subject it will probably facilitate

1 Communication from the Scientific Bureau of the Bausch & Lomb
Optical Company, Rochester, N. Y.

2 The abbreviation E. F. is used in the following for Equivalent Focal
Length.
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its comprehension by recalling fundamental facts which may have
been forgotten.

In a lens which has no correction for spherical aberration the

rays passing through zones outside of the center of the lens cross the
optical axis at shorter distances from the lens, than the rays through
the center. The light is here assumed to come from a far distant

point, hence the rays are parallel with each other. Each zone of

the lens has a focal length of its own which is the shorter, the nearer
to the margin the rays pass through the lens. See Figure 1.

This condition can be represented by a curve in which the dis-

tance of the rays from the axis before they strike the lens, hi, h2 , h3 ,

h4 , are used as ordinates, and the distance from the image point for

the axial zone as abscissae, may be seen in the diagram. The lens

shown here has a positive focal length, the spherical aberration pro-

duced by it is called under-correction, the image distance for the
marginal rays is shorter than for axial rays.

The same will take place in a negative lens. If we assume
parallel rays of light coming from a far distant object point and
striking such a lens from the right, the different zones will image a

point at different distances at the right of the lens and the spherical

aberration can again be represented by a curve as shown in Figure 2.

By altering the shape of the lens and also changing the refractive

index of the glass, the amount of spherical aberration can be in-

fluenced to a certain degree. We can, for instance, alter spherical

aberration of the negative lens in such a way that the distance between
the food for axial and marginal rays is the same as in the positive

lens. If we therefore, combine two such lenses along the optical

axis so that axial and marginal image points coincide, it is obvious
that the two spherical aberrations will compensate each other and that

light from the point P will be imaged by the center and marginal parts

of the combination at the point P'. There would be perfect imagery
if the curves representing the spherical aberrations of the two lenses

were absolutely alike. This is generally not so, at best it is possible

to make them coincide in two or three points only. Figure 3 shows
a lens which has the spherical aberration corrected perfectly for the

center and a zone very near the margin of the lens. It is assumed in

Figure 3, that the power of the positive lens is greater than the power
of the negative lens, so that there is a surplus of positive power which
makes the combination positive.

A perfect correction for the whole aperture of the objective

would, of course, be represented by a straight line perpendicular to

the axis at the image point. The deviation of the curve from this

perpendicular line, measured parallel to the axis is the amount of

uncorrected spherical aberration left in the lens. For this the term
zonal error or aberration or spherical zones is applied. The amount
of this uncorrected spherical aberration is characteristic for a lens

and depends on its type of construction. Some lenses are remarkably
free from it, while others show considerable amounts.

The presence of spherical aberration or a large amount of zonal

aberration manifests itself by a certain amount of softness in the

image. If we imagine the ground glass placed in the image point of
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the axial rays, the rays through the zone, the focus of which lies in

front of the ground glass will form a circle on the ground glass instead

of a point. We call it a circle of confusion. The smaller the circle,

the smaller the image of a point and the sharper the resulting image
of an object which is after all nothing but a fine mosaic of points.

Where images are to be considerably magnified as in motion
pictures a lens with as small a zonal error as possible should be used.

Any lack of perfect imagery in a point near the margin of the
field is generally called lack of flatness of field. Only in rare cases

does the trouble lie in a curved field; this is only one of the several

defects that are put together under that name; these are astigmatism,

curvature of field, in the correct sense of the word, and coma.
A lens may give a perfect image of, for instance, a window cross

in the center of the field but fail to produce a sharp image of the same
object near the margin of the field. These conditions are shown sche-

matically in Figure 4. If the ground glass is moved along the optical

axis so that the oblique pencil which images the object near the
margin of the field intersects it at the positions 1, 2, 3, 4, and 5, the
image will appear first blurred, then the horizontal bar will come out
sharply while the vertical one is blurred; at 3 the horizontal and
vertical bars will look about alike although not entirely sharp, at 4
the vertical bar will be sharp while at 5 both will be entirely out of

focus again.

The condition of correction of astigmatism and curvature of

field of a lens is shown again for various angles from the optical axis

by curves in which the abscissae are the distances of the vertical and
horizontal images from the ideal image plane as it is represented by
the ground glass or sensitive plate.

For instance, the correction of the lens system illustrated in

Figure 4 will be represented by the curves shown in Figure 5. The
horizontal lines are imaged on a surface a section of which is repre-

sented by the curve t while the vertical lines of the window are

imaged on another curved surface a section of which is represented

by the curve s.

Figure 6 shows a combination in which the two components of

the window bar are imaged much closer together and for one point of

the field fall actually together. This point, of course, lies at the
intersection of the two curves. The field, however, lacks flatness,

since it requires a' movement of the ground glass towards the lens to

make the image appear sharp which, of course, throws the center of

the image out of focus.

In Figure 7 the point at which horizontal and vertical lines are

imaged sharply together lies in the plane of the ground glass and,

therefore, astigmatism and curvature of field corrected simultane-

ously, a condition which is more or less closely approached in all the
so-called anastigmatic lenses.

Coma makes itself especially obnoxious in lenses of great

aperture or high speed. Even when astigmatism and flatness of field

are corrected it happens that the image of the point near the

margin is not quite point-like but has a kind of comet's tail

attached to it which may point either towards the center of the
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field or away from it. Its amount can be shown in a diagram some-
what similar to that one used for the representation of spherical

aberration. Figure 8 represents such a case. If the coma were cor-

rected all parallel rays striking the aperture of the lens under an
angle with the optical axis will intersect each other at the same
point. If the coma is not corrected the rays going to the upper part

of the lens may come to focus at a greater distance from the lens than

the rays going through the lower part of the lens. The consequence

will be a distribution of light in the image plane similar to the little

pear-shaped figure drawn just outside of the greatest concentration

UNCQEEECTED COMA
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of rays. The curve shows the distances of the different points of

intersection measured along the axis from a plane laid through the

ideal image point. A perfect correction for coma will show the curve

as a straight line. The curve for spherical aberration needs only be
shown above the optical axis because by reason of symmetry it is the

same on both side of the axis. This is different in the case of coma,
because, as Figure 8 shows, the rays above and below the axis of the

pencil strike the lens surface in a very different way, which fact is

the reason for the one-sided light distribution in the image plane,

called coma.
Coma is a very difficult aberration to remove entirely, and

although great improvements have been made in the recent high speed
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lenses over older constructions, most of the present day constructions
show noticeable amounts. 3

Before I draw comparisons between the correction of some
lenses which are of interest to the motion picture man, I shall try to

convey to you an idea of the actual magnitudes of the aberrations in

one of these lenses. Figure 9 shows an/:2 lens of 100 mm E.F. and
the curves for spherical aberration, astigmatism and coma drawn to

the same scale. Because of the small amount of the uncorrected
remnants of aberrations the curves appear very shallow and the

TTSlPLZT/-- 2.7
zr- ioo.<nriTn FIG 9

tft^

COMA

differences between this and other lenses would appear too uncon-
spicuous and hard to interpret. It is, therefore, customary to en-

large ordinates and abscissae in a different ratio as may be seen in the
diagrams. All the diagrams are, of course, drawn to the same scale.

Figures 10 and 11 represent constructions composed of 4 lenses,

although by the number of reflecting surfaces they might be classed

as triplets. Figures 12 and 13 show two triplets.

The diagrams under figure 10 and 11 exhibit remarkable straight-

ness of the curves for spherical aberration which indicates freedom
from spherical zones. It is, however, evident, that the amount of

zonal error increases with the increase of speed from / :4.5 to /:3.5.

3 This manner of showing aspherical aberration and astigmatism was first

introduced by M. von Rohr in Jena; the diagram for showing coma was originated
by Wm. Bielicke whose cooperation in the application of aspheric curves to the
problem was of great value to me.
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The corrections for astigmatism are not very different except that
here too the faster lens has a slightly greater astigmatic zone. The
amount of uncorrected coma is very small in both cases, as evident
by the straightness and symmetry of the coma curves.

Of the triplets in Figure 12 and 13 the first one represents to my
knowledge the limit of speed which can be given to a lens simul-
taneously with good center definition and anastigmatically flat field

provided only ordinary means of construction (spherical curves)
are to be used. The increase of the spherical zones over the slower
constructions is very noticeable. Although to the uninitiated this

curve may look very bad, the fact is that the lens is well within the
limits of usefulness as is proved by its wide application and the
splendid results obtained with it in high speed and colored motion
picture work. Astigmatism is corrected for a field of 15 degrees and
the astigmatic zone at 10 degrees is well within the useful limit. The
correction for coma is excellent.

Further investigation showed, as already hinted at, that an in-

crease of speed was not obtainable with ordinary means. It is, of

course, possible to add another positive element in front of the
triplet for this purpose, as has been done in one of the lenses which
recently appeared on the market. The quality of image produced
by such a combination does not reach the quality produced by a con-

struction like the one just described. This fact could be predicted

almost with certainty when one considers the enormous amount of

correction work which is imposed upon a single negative element.

A careful comparison was made under strictly identical conditions

of magnification, simultaneous exposure through the same camera,
simultaneous chemical treatment, etc. It confirmed the statement
just made about the possibilities for correcting such a lens and
revealed the fact, besides, that this lens which was marked F:1.9

did not make any greater impression upon the plate, than the /:2.7

did.4 Measurements of the effective aperture and the E.F. proved
that the speed of this lens was f:2.5 instead of F:1.9. I mention this

here only because the price for lenses is generally based upon the

speed they are marked with and because by careful investigation

before buying, the camera man may save himself some money.
The lens which is shown in Figure 13 represents the principal

object of this discussion.

It has the general form of a triplet, a speed of /:2 and corrections

for spherical aberration, astigmatism and coma which are of the

same order as in the lenses previously described. It is in other words
an anastigmatic of a speed heretofore not obtained.

This achievement has been made possible by the use of an
aspheric surface, in this case a paraboloid. It is obvious, that, within

limits, to any chosen set of five curves an aspheric surface can be
found which will add the finishing touch to the corrections. For
practical reasons we chose the paraboloid and determined the other

five curves so that the combination gave the desired result. This

4 These negatives were shown on the screen at the meeting. No attempt is

made to reproduce them here because the fine detail of the test object would not

show in the cut.
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involves more work for the computor but makes production a com-
paratively easy matter. The new lens, which I show herewith, can
also be used to splendid advantage in projection work, where large

sources are employed.
As a point of practical importance I may mention here the influ-

ence of increased / value upon the depth of focus. For objective of

the same E.F. this depth is simply inversely proportional to the

aperture of the lens. If the plate is moved outward till an object at a

very great distance is imaged with a circle of confusion of 0.1 mm,
then the nearest object which will appear equally sharp will be at

distances of 5.5 meters, 7 meters, 10 meters, and 12 meters in front

of the lenses shown in figure 10, 11, 12, and 13. With these depths
on the object side correspond depths on the image side of 0.90 mm,
0.70 mm, 0.50 mm, and 0.42 mm. These dimensions are shown
greatly magnified right under the focal points of the lenses and may
serve to indicate the delicacy with which focusing has to be done.

The most desirable lens is one with a maximum effective speed,

i.e. a lens which makes a sufficiently strong impression upon the
plate with a minimum number of lenses and as small an / value as

possible.

In closing I may add that by using similar means for correction

we have obtained splendid results in actual use with condensers, a
specimen of which is herewith shown. We have installed in one of

the Rochester Theatres sets of these new condensers, which permit a
reduction of current from 100 amperes to 80 amperes without sacri-

ficing any brightness on the screen and which are much less sensitive

to arc adjustment, which makes them very superior with high inten-

sity arcs. A condenser for projection with Mazda lamps is in course
of construction, but was not ready to be exhibited at this occasion.
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DISCUSSION

Mr. Jenkins: I would like to ask if these condensers are now
available.

Dr. Kellner: Yes.

Dr. H. P. Gage : It is a matter of great interest to know that it is

possible to grind and polish aspheric surfaces with sufficient accuracy
to use in a projector or photographic objective. An approxima-
tion to a theoretically perfect aspheric surface, applied to the con-

denser, is of great advantage, even though that approximation is not
close enough to produce optically perfect imaging, and it is certainly

a great triumph to get optically perfect imaging by the use of an
aspherical lens. It is a thing that mathematicians figured out a long
time ago, would be very useful for telescopes, and so forth, but to

have it come as a commercial possibility is great triumph.
Dr. Kellner: I am glad that Dr. Gage mentions this phase of

the situation. I doubt whether I emphasized it sufficiently. There
was a considerable discussion about aspherical surfaces at the Roches-
ter meeting of the Optical Society of America last fall. The problem
was treated theoretically by two different speakers and from this

standpoint it seems comparatively easy to find an aspherical surface

which fits given conditions. One can take a lens combination, leave

all kinds of aberrations in it and find one aspherical curve that will

do all the correcting. It is, however, difficult to reduce such a con-

struction to practice. We have had considerable experience in the

making of parabolic surfaces and know that we can produce such a

surface sufficiently accurate to answer these purposes. Therefore, we
attack the problem from the standpoint of a given aspherical surface

of known qualities and built the rest of the lens so to say around it.

The computation is not very simple because the computer's hands
are, in a way, tied, but we are compensated for this laborious work by
the ease with which the parabolic surface can be produced. As an
illustration I may mention here an aspheric condenser which we are

making at the present time for Mr. Benford of Schenectady which
causes considerable technical difficulties.

Mr. Richardson: One difficulty in this whole problem is the

cost. It has been very difficult to get theatre managers to buy even
the best piano convex, because the percentage of breakage is so high.

What will be the comparison of cost, roughly, as against good piano
convex lenses?

Dr. Kellner: I can not give you any price at this time, but
I know that the very fact that the projectionist can run his arc lamp
with 80 instead of 100 amperes will reduce the chance for breaking
and compensate for the breakage if it should happen. The condensers
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which we had under practical tests in the theatres have been in use

for nearly four weeks without breaking.

Mr. McNabb: Would there be any difference in the results of

the photographic lenses if they were both of exact focal length; for

instance, one was 53 mm. and the other was 50 mm., assuming they
were used at exactly the same distance and with speed rating on
iris opening at the same point as indicated on the lens mountings?

Dr. Kellner: Well, Mr. Jones better answer that. He knows
more about it than I. We talked the matter over between ourselves.

There should be not enough difference perceptible. If you have
/:1.9 lens one side, and/:2, 7 on the other, there should be 50 per cent

difference in the density, if the lenses are treated alike. There is no
difference in this case, the measurment of the focal length bore out
the/:1.9 lens. You cannot get away from it.

Mr. McNabb : I might say that we have made some experiments
along this line, and found that nearly all so-called /:1.9 lenses were
considerably over rated as to speed.

Dr. Kellner: No doubt about it. Such overrating is bad
practice. The people pay their good money for the speedy lens to

find out afterwards that the markings on it are misinterpretations.

Some, of course, will never find out. It may be a good plan to en-

lighten the camera men who buy lenses, so that they are able to

distinguish the wheat from the straw.

Mr. Richardson: There is another very important point,

that occurs to me. This lens is going to force you to shift your crater

image ahead, and the crater image exists from two to five inches in

the beam. You must shift the crater image a long ways ahead under
certain conditions which has the effect of enlarging the spot, and with
a 23^ inch spot the aperture covers 13 per cent of the area, whereas
with a 13^2 mch sP°t it covers a much less percentage of the total

area. I cannot remember the exact figures but an enormously greater

amount of light gets through the aperture with the smaller spot.

It seems to me this lens will force you to carry a larger spot,

which will operate to reduce greatly the percentage of light passing

through the aperture.

Dr. Kellner: Maybe, Mr. Richardson, you could, on one of

your travels, stop over in Rochester. I should be very glad to give

you a demonstration and I know you will be delighted with the

result.

Mr. Jones: As I understand Mr. McNabb's question it is

whether the difference between 50 and 53 millimeters in focal length

would be sufficient to give a measurable difference in density all

other conditions as to the relative aperture, etc., being identical.

I should say it would be impossible to detect any density difference.
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THE MOTION PICTURE THEATRE OF THE FUTURE AND
THE EQUIPMENT PROBABLY REQUIRED

By S. L. Rothafel

SYNOPSIS
The writer is of the opinion that the motion picture theatre of the future will

be comparable to the greatest opera houses of the world. The future of the motion
picture holds out great promise of rivalling or running in parallel form to grand opera.

Towards this end an equipment far in excess of that which is now used will be necessary.

Great improvements in projection and lighting are to be expected. New developments

in apparatus will provide flexibility and ease in controlling the lighting effects. It is

probable that some type of "color organ" will be used. The contour of the theater will

also undergo a change to accommodate new developments in the acoustical equipment.

I
AM not going to read from a paper, because I like to do things

extemporaneously. Before going into the general talk, I think it

would be in order to tell you that about ten years ago, after I

really became interested in the work which has culminated in the

largest theatre in the world, I had a distinct vision, and I believe it

has been a matter of record that the speaker prophesied the Capital

Theatre ten years before its inception. I merely make this statement
to you, to give you some idea that it was not altogether a dream. It

became a reality.

I am here this morning to make another prophecy, a prophecy
more remarkable even than the one ten years ago. I have seen the

motion picture theatre grow from my start in a little room back of the

bar room in a small mining town of 7,000, where I had to borrow
twenty-five undertakers chairs. I believe that several people in the
room saw the start, and I have seen it grow slowly but surely to the

magnificent palace in New York and many other splendid theatres

throughout the county. To tell you again the old bromide that the

motion picture is in its infancy would be superfluous. I tell you
gentlemen, the motion picture is going to grow, and with it the theatre

will grow to a point beyond the realization of any one here. I proph-
esy that the motion picture theatre will parallel, in both its artistic

endeavor and in its magnitude, the entertainment value and edu-
cational value of grand opera or any other artistic entertainment the
world has ever known. I prophesy that the Government, as well as

different states and municipalities, will endow a big motion picture

theatre. I prophecy that the motion picture theatre will be a great

force for education, both in the elementary education of the school

child as well as the recreation and education of the grown-up. I

prophesy that the motion picture theatre is going to make this nation

the most cultured nation in the world. I prophesy that the motion
picture theatre is going to create and develop a musical taste that
will be marvelous. It is going to create for us American folk-songs:
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it is going to create many new and wonderful composers; it is going to

develop a new form of entertainment.

All these developments naturally will need new and different

equipment. We will begin with the theatre. The motion picture

theatre of today, as it is built, is entirely inadequate. It is merely
a development of the old fashioned theatre with its boxes, its bal-

conies, its lower floor and its stage. The new motion picture theatre

will be built along highly scientific lines. In my opinion, it will be
built more like the shape of an egg, with a huge stage, without any
overhanging balconies, as much as possible without an amphitheatre
effect, and on one floor. I believe that the theatre will be of tre-

mendous size, with probably 5,000 or more seats. It will not neces-

sarily be located in the advantageous positions that have heretofore

been the rule, but will be located in spots where the real estate value
will not be quite so high, and where greater development in space
and more attention to its construction can be carried out.

One of the greatest and most important adjuncts to the motion
picture theatre, which is related to the motion picture presentation, is

the lighting. Toward this end we are perhaps to make our greatest

strides in the next five years. I prophesy to you that the motion
picture theatre of tomorrow will be lighted and controlled in an
entirely different manner from the motion picture theatre of today.
I prophesy that the lighting of the future motion picture theatre will

be almost entirely by the projected rays upon a highly sensitized

surface in different parts of the theatre. Color will play a most
important part, and will be under the control of one operator, who
will have a central station somewhere in the auditorium, preferably

in the orchestra. This operator will be a highly developed and trained

individual, who will know dramatic psychology and music; and that

man will play upon a keyboard very similar to a piano, in which will

be a development of the four primary colors, red, blue, yellow, and
green. These colors will be so divided on this keyboard that every
note struck in the presentation by the orchestra, or any other desired

effect, will be created by a single note along the octave of the piano,

—

color piano we will call it,— and the octaves represented by different

shades of each respective color, or such mixtures of color as may be
necessary to obtain the desired effect. For instance, the very last

note on the piano may be very dark, deep blue, almost black, and
running up to lighter shades of blue, until a light steel blue is reached.

There have been very remarkable developments along this line.

It will readily be seen what an important part this will have in

the development of the motion picture theatre. I might digress for

just a moment. Audience psychology of today is a remarkable study

and we have had a great opportunity to study it from every angle. I

say this to you; that grand opera will never be popular, that is,

universally popular among the masses of this country; because they
are living too rapidly; they think too rapidly; they are restless and
nervous. They want everything quickly, and they want it in good
taste. They have got to get a thrill out of everything, and the color,

plus the new theatre, the new ideas in presentation, a huge magnifi-

101



cent orchestra, augmented by wonderful organs and other equipment,
and wonderful projection, will help to satisfy this desire.

Color therefore, will play a most wonderful part. We have even
now in New York taken the ordinary switchboard, such as you know
it, and with it we try to play with color as far as our capacity will

permit. We are handicapped now simply by a primary system and
the ordinary switches to make them, but by careful development and
careful training we have been able to get some very remarkable
effects. We have used that in conjunction with projection. We have
attempted projection on scrim, with a tableau background, during
Armistic week, in connection with one of Mr. Kelley's pictures,

"Where Poppies Bloom" and were successful. It was a new thought,
a new idea, and was received with a great deal of favor. We were
further encouraged to try a new thing in scrim work in another
presentation with the aid of projection, which puzzled many people,

and which was all done by means of color.

We can create mood by color and we can raise the dramatic
climax by color, as we so often do in the theatre and at home. For
instance, we try to depict in color the dramatic effect of the overture to

Tannhauser. We paint pictures. In other words, we paint our
scenery with color, and then as the strains of that overture rise and
come to a climax, the lights gradually rise with it, until the last chords

are struck, and the brilliancy of the entire ensemble is heightened to

such an extent that we have seen audiences fairly rise out of their seats

at the combination of light, music and the picture.

Now we come to the projection. There has not been as much
advance in projection in the past five years as I should like to see,

although there has been some advancement, and we believe that we
have done our share towards bringing it to the industry. We are now
using what is known as the high intensity lamp. We were compelled
to use it because of the tremendous physical disadvantage of the long

throw and the obscured atmosphere. We tried everything until

we secured the high intensity lamp. It was brought into the theatre

and there developed by Mr. Sperry, until it is today, I believe, the

most highly developed projecting arc in the industry. We found that

we could not use the arc exactly as it was, but after much experiment
and trial, we secured a satisfactory form of filter. We then came upon
a new shutter that was developed by Mr. Runcie, which did away
with the opaque plate entirely, and once more we use color. But at

no time during the travel of the picture before the aperture does the

light ever leave the screen. The result is very satisfactory, and is a

decided step forward.
I had the great pleasure of watching a machine a few weeks ago

that had a new idea in film movement. I believe it is a decided step

forward, but I think that the projected picture of tomorrow will be
entirely different from that of today. I think it will be so controlled

by automatic devices that it will require more highly trained men,
men much more intelligent than the operators of today—I will not
say more intelligent, but more highly trained. I believe the manipu-
lation of these machines will be entirely automatic, and will be so

developed that it will be synchronized by either sound waves, or
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original photography, so that it will develop and change its own speed
according to the respective action. I think it will be so highly sensi-

tized that the slightest action will be developed and projected auto-

matically.

Now, when this is done, we will begin to get the motion picture of

the morrow where we will present motion pictures in a way that will

be comparable to any form of entertainment or art before the world.

The motion picture is not an art, and I doubt very much, gentlemen,
if it ever can be, but the motion picture development, wedded to

light, color and music, will be a new art, and I hope that I may live to

see its culmination. We are working very hard, gradually, slowly.

We have seen many wonderful things ; we are dreaming of very wonder-
ful things. We have every reason to tell you what we have told you
this morning, and believe that everything we have said will be
practically demonstrated within the course of the next ten years.

We believe that the motion picture theatres are going to charge not
one dollar which we are now getting, but will charge as high as five

dollars to witness a motion picture presentation. You will see the
prejudices against the motion picture entirely eliminated. Censor-
ship will be eliminated. The real backbone of the motion picture is

going to be that step forward that I have spoken to you about. There
will be many auxiliary branches, the development of the commercial
branch, the development of the educational branch, the development,
as I saw in an article yesterday morning, of the motion picture by
radio. That is not at all impossible, and I firmly believe it is coming.
Then there will be the development of the motion picture in medical
science, the development of the motion picture in the science of

teaching almost any study. I want to tell you that whatever we
have done in the past to bring the picture to its present state has
only been a stepping stone and the foundation to something finer

and bigger in the future.

I thank you.
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DISCUSSION

Mr. Campe: I should like to ask Mr. Rothafel if he has done
any experimental work using various gradations of the same color,

that is, by changing the intensity in such a way as to utilize all the
different tones of that color.

Mr. Rothafel: I will answer that by saying that we have.
May I illustrate to you just what we have done? For instance, we
have here a series of four strips of different kinds of blue because there
happened to be that many octaves on the piano. We simply called

the first octave a certain kind of blue. We had different densities up
to that one octave. Each note represented a little lighter gradation,

you might call it, running up the scale, so that when we struck a
certain note in that octave there was always the same color. Then we
had, as I spoke about, the three primary colors, and these were mixed
automatically. If I wanted purple, I simply threw the red and the
blue together and struck whatever note I wanted and got the exact
density of purple that I wanted, except that it would be by the mix-
ture of the two colors. We tried that in connection with the Swanee
River, and it almost made one feel the Swanee River.

Now, there is another thing I forgot to speak about, the utiliza-

tion of the senses. We are using two now, the eye and the ear. We
have gone even further. We are using the sense of scent. We are

trying to get to a point where we can create almost a perfect elusion,

without destroying the greatest charm of the motion picture, by
letting your imagination work. But we grasp you in such a spell

—

we try to at least—that you forget everything else, judging from the
different comments that come to us voluntarily, and they invariably

say this: "We have been rested," which is, after all, the real function
of entertainment. Now, if we were wrong and if we did not function

properly, we never would rest.

That is a great study, and it applies—you may think I am digres-

sing—but I mean it applies directly to the color principle of which you
spoke. If a mistake is made and the wrong color used, the layman
may not be able to say directly, "You are wrong," but instinctively

he will feel that it is wrong. That is the peculiar psychology of the
audience. They may not be able to put their finger on it and say, "that
is wrong," but they will feel it is wrong, and therefore we have had
trouble. It is far from being developed, but it is going to be developed
along the line of the gradation of color and the inter-change of

different colors, making any combination that is desired.

Mr. Campe: Do you make use of gradations in intensity? In
other words when you work up to the climax, do you throw on a

stronger light?
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Mr. Rothafel: Yes, in the same way that you can have grada-

tions of sound on the piano, you can have gradations of light. That
will not be done by pressure, but automatically. It will be on exactly

the same principle of the pipe organ, except that instead of striking

a note you will strike color.

Mr. Richardson: I should like to invite all of you to take the

proposition Sam Rothafel makes very seriously. I went down as a

guest of Mr. Rothafel some three or four years ago to a place where he
made his beginning in Pennsylvania, and noted the contrast between
that and what we see in the Palace of Broadway to-day, which I believe

I may fairly say has been literally evolved by Sam Rothafel out of the

little, back room in Forest City, Pa., not much bigger than this one,

and very crude, back of a bar room, as he has said. When Mr. Rotha-
fel came to Broadway some years ago we laughed. He made some
prophesies. Those who did not laugh sneered. They are not sneering

now, because while Mr. Rothafel is a dreamer, as he has said, his

dreams come true. I have sat in the Capitol theatre in Broadway and
watched almost unbelievable lighting effects. I remember particu-

larly something I saw about a month ago. I had not been going to the
Capitol. Mr. Rothafel sent me a pass book, but I have not been using

it very often, maybe half a dozen passes a year, but I am going to

use it more. I saw a tableau put on, a dance, and it was absolutely

almost like a fairy tale. It was a marvelously beautiful thing, wholly
through the light effects evolved by Mr. Rothafel. I know he does do
these things, because I have watched him at rehearsals and found
Mr. Rothafel on the job—the whole works. Mr. Rothafel and I car-

ried the hatchet for each other for quite a spell, but I value his friend-

ship now more than any other man in the whole industry, for he is

one of the men who has very much more than made good, on account
of the very wonderful things he has accomplished in New York. If

you men who do not live in New York will find out what the man
really is doing, I am sure that you will believe the prophecy he has
made is going to come absolutely true.

Dr. Mees: I should like to point out to those who wish to make
experiments in this color work, that you can get all the possible com-
binations of color by the use of the three primaries. If you are design-

ing any organs for that purpose, or if you are doing any experimental
work, you can just as well start with the three primaries. There is

no need of using any more than three colors, provided you use the
right colors to start with. If you do not use the right primaries you
will have to have a larger number, but if you choose the right ones,

you will need only three.

Mr. Rothafel: I never knew that I was going to meet Dr. Mees
here, but Dr. Mees has been unanimously appointed a committee of

one to consult with us before we go ahead in the further development
of this thing, because we have the greatest respect and admiration for

Dr. Mees and his opinion.

Dr. Mees: I did not want to appear to dictate to those who have
been carrying on experiments. I only want to suggest to any others

who want to make experiments to start with the three primary
colors.
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Mr. Rothafel: You are perfectly right.

Mr. Palmer: Whenever we get the theatre men here, I think we
ought to always register with them the request that in this motion
picture theatre of the future they bring the projection machine down
to some place near where it ought to be.
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GRAININESS IN MOTION PICTURE NEGATIVES AND
POSITIVES

By Arthur C. Hardy and Loyd A. Jones

SYNOPSIS
An instrument which measures the graininess of a photographic material is

described. It is shown by the aid of photomicrographs that the readings of the instru-

ment represent the true graininess as understood by the photographer. The instrument
has been used in an investigation of the various steps in the preparation of a motion
picture positive to determine the conditions for minimum graininess in the finished

print. The exposure of the negative is found to have considerable influence on the

graininess of the print, developing cojiditions being relatively unimportant. An
explanation of the excessive graininess which sometimes occurs is given.

WHEN a photographic image is examined by means of a high-

power microscope, it is found to consist of a large number of

grains of black metallic silver. These grains are all too small to

be seen by the naked e}re although a clump consisting of many grains

may be just perceptible. However, when a motion picture is pro-

jected on the screen in the motion picture theater, the whole picture

and of course each individual grain or clump of grains is greatly

magnified, in most cases as much as two hundred times or more.
Under these conditions the graininess of the picture is usually appar-
ent. If it were possible to stop the projection machine without injury

to the film, it would be found that a single picture was exceedingly

grainy. The decrease in the graininess in ordinary projection is due
to the rapidity with which one picture follows another on the screen.

The grains in one picture never lie in exactly the same position as in

another and the result is an apparent boiling or seething of certain

areas of the picture which at times is ver}r objectionable.

Many opinions as to the causes of this phenomenon have been
expressed by photographic workers. Such factors as the character-

istics of the photographic materials themselves, the reducing agent
used in the developing solution, the temperature and dilution of the

developing solution, and the treatment of the developing materials,

in the fixing, washing, and drying processes have been considered
responsible for this lack of homogeneity. The work reported upon in

this paper was undertaken to establish definitely the relation between
the various factors involved in the preparation of motion picture

positives and the characteristic of such material usually referred to

as "graininess."

Many investigators in the past have studied the size and distri-

bution of the individual silver grains in the emulsion but their results

do not apply, unfortunately, to the present problem. It is not neces-

sarily true that the photographic procedure which produces the
smallest grains will also produce a minimum in that property of the
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photographic deposit which we call graininess. The term "graininess"

is used to designate the effect of inhomogeneity exhibited by the
photographic deposit owing to the presence of groups or clumps of

silver particles. It is the clumping of the grains which limits the
size to which a picture can be enlarged before the graininess becomes
apparent.

Up to the time that this work was undertaken, no method for the
measurement and numerical specification of the graininess of a photo-
graphic deposit was available, it being customary to obtain qualita-

tive evaluations by submitting a given picture to inspection by
qualified judges. Such procedure obviously is not entirely satis-

factory, since determinations made in such a way are subject to wide
variation owing to personal opinion, nor is any means provided for

recording the results quantitatively. In order to reduce the measure-
ment of graininess to a scientific basis, it was necessary to develop a
logical method and to build an instrument for the measurement of

this factor. Space will not permit of a complete treatment of the
theory of the subject and for a more detailed discussion the reader

is referred to other publications (The Measurement of Graininess in

Photographic Deposits, by Loyd A. Jones and Noel Deisch, Jour.

Frank. Inst., November, 1920, 3. 657).

Fig. 1. Diagrammatic Sketch of Graininess Measuring Apparatus

The instrument constructed for this purpose consists briefly of a

microscope system which projects a magnified image of the photo-
graphic deposit on a smooth white screen. The screen is observed
in a mirror which operates along a track permitting the length of the

optical path from the eye of the observer to the screen to be varied at

will. In making a determination of graininess, the mirror is driven

out until the granular structure of the screen image is no longer

visible. The assumption is then made that the graininess of the

photographic material is proportional to the distance from the eye
of the observer to the screen for this position of the mirror, provided
that all the factors controlling the ability of the eye to recognize fine

detail remain constant. A diagrammatic sketch of the apparatus is

shown in Fig. 1. The photographic material is placed on the micro-

scope substage at and at magnified image is projected onto a screen

of magnesium carbonate (Sc) by means of the microscope system and
pointolite lamp (Si). M is a mirror which is mounted on a carriage
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which runs along the track T. The eye of the observer is placed at the

eyepiece at E and by means of a template and lever (L), the observer

is always able to see the screen in the mirror. The mirror is driven

along the track by means of a steel tape (B) which carries a scale

indicating the position of the mirror. A photograph of the apparatus
is shown in Fig. 2.

Fig. 2. Photograph of Microprojection System of Graininess Instrument

The procedure in measuring graininess is to place the photo-
graphic material on the stage of the microscope and focus the enlarged
image on the magnesium carbonate screen. The eye is then placed
at the eyepiece and the mirror slowly driven out until a point is

reached where the graininess of the material is no longer apparent.
To preserve the same criterion of smoothness for all observations, the
image of the photographic material is made to fill only half of the
field of view while the other half is illuminated by white light of

adjustable intensity. In this way, the observer has before him at all

times a perfectly uniform area which is adjusted to the same average
brightness as the image itself. Having determined the distance at

which the image blends into homogeneity and which cannot be distin-

guished from the comparison field, the position of the mirror is read on
the steel tape and the total distance from the eye to the screen is

calculated.

If the visual acuity of the observer, that is, his ability to recognize
fine detail, remained constant under all conditions, this distance could
be taken as a measure of graininess without further correction. How-
ever, it is well-known that the visual acuity of the eye does change
with such factors as the adaptation level, 1 the diameter of the pupil,

1 The adaptation level depends largely on the average amount of light

falling on the retina. The eye adjusts itself to different brightness conditions
and the particular state of the eye under given brightness conditions is referred
to as the adaptation level. Throughout this investigation, precautions were taken
to work as nearly as possible under the same brightness conditions in an arti-

ficially lighted room. The adaptation level was therefore approximately constant.

109



fatique, practice and the general physiological condition of the subject.

The changes in visual acuity would cause a corresponding change in

the blending distance for the photographic material and therefore

alter the measurements of graininess proportionately. To overcome
this difficulty, a printer's half-tone screen is placed on the stage of

the microscope and the mirror driven out until this also appears
homogeneous. The distance from the eye to the screen, for this

position is again measured and is used to correct for changes in the

observer's acuteness of vision. By dividing the readings of the

blending distance for the photographic material by the corresponding
distance for the half-tone screen used under the same conditions, a

factor is found which is quite independent of all changes in visual

acuity of a single observer and in fact makes it possible for two dif-

ferent observers to agree on the graininess of a photographic material

although the actual blending distances obtained by the two for the

photograhic material may be very different.

To prove that this apparatus actually measures the "graininess"

of a photographic material as it is known to the motion picture photog-

rapher, the following experiment was performed. A typical negative

material was selected and given a series of exposures in a sensitometer

(a device for giving a graded series of exposures to a photographic
material). It was then developed, fixed and washed in the usual way
so that there resulted a "strip" consisting of a series of densities from a

scarcely perceptible deposit to almost complete opacity. A photo-

micrograph was then made of each step of this strip using the same
exposure and development conditions throughout. The prints

mounted in the proper order are shown in Fig. 3. It will be seen that

Hill
Fig. 3. Strip Showing the Eelation Between Graininess and Density

this figure represents the original negative magnified about one hun-
dred times. The graininess of the very low densities approaches a
minimum as of course it must in a photographic deposit containing

few developed silver grains. The graininess of the very high densities

also approaches a minimum as the deposit becomes so nearly opaque
that the small interstices through which the light is able to penetrate
are too small to be resolved except under exceedingly high magnifi-

cation. It will be noticed that the maximum graininess is in the
neighborhood of the third step. This can easily be tested by viewing
the figure from such a distance that the graininess of the other steps

can not be seen. At this distance the graininess of the third step will

still be visible. The same strip was then placed in the graininess

apparatus and the graininess factor of each step determined. 2 A
2 The graininess factor is the ratio of the blending distance for the photo-

graphic material to the corresponding distance for the printers half-tone screen
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curve showing the graininess plotted as a function of the optical

density is shown in Fig. 4. It will be seen that the graininess of the

low densities is low, and that the graininess increases to a maximum
near the third step and then decreases with further increase of the

density.
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Fig. 4. Graphic Eepresentation of the Graininess of Strips in Fig. 3

This agrees exactly with the findings of the more tedious process

of making photo-micrographs of each step for examination. A
number of tests of this nature have proved conclusively that this

instrument does measure "graininess" as the term is used by the
photographer. The method also has the additional advantage of being
extremely rapid and of giving quantitative results which are specifi-

able numerically.

The precision of the method was tested by making graininess

measurements on a typical sensitometric strip every day for several

weeks. From the departures of the individual settings from the mean
of all the observations, the probable error of a single setting can be
calculated. These results are represented graphically in Fig. 5.

The middle curve shows the mean graininess values for each step

calculated from all the observations and plotted as a function of the

density. Assuming that all the errors were positive and equal to the

probable error, the upper curve is obtained by adding the errors to the

mean values. Assuming the errors to be all negative, the lower
curve results from subtracting the errors from the mean values. We

multiplied by an arbitrary constant. When a screen of 500 lines per inch is used
and when the same magnification is used for both the photographic material and
the screen, the value of the constant is 508. Thus, if Dp is the blending distance
for the photographic material and Ds is the blending distance for the screen, the
graininess factor (G) is,

DpG= 508
D s
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have then two extreme curves within which the probability of occur-
rence of a single setting is just one-half. It will be noticed that the
probable error for the maximum of the curve which is usually the
portion of most interest is in the neighborhood of 2 per cent or
approximately of the same magnitude as the other constants of

photographic materials such as speed, latitude, etc.
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5. Curves Illustrating the Precision of the Method of Measuring
Grraininess

Having found what seemed to be a satisfactory method of meas-
uring graininess, the next step was to apply the instrument to the
actual problems confronting the motion picture industry. The first

point investigated was the effect of the exposure of the negative

material on the graininess of the finished positive. The latitude of

Eastman Cine Negative material is so great that with a subject of

average contrast range, the exposure can be varied over rather wide
limits without sacrificing the quality of the print. It was, therefore,

thought desirable to determine the effect of altering the exposure of

the negative on the graininess of the resulting positive. Consequently
a sensitometric strip on cine negative material was prepared having a

very long range of densities. It was then assumed that the average
subject which is photographed by the motion picture camera has a

contrast range between the highest and lowest light in the picture

area of thirty-two to one. This range corresponds to six steps of the

sensitometric strip. Prints were, therefore, made on Eastman Cine
Positive film which would include just six steps of the negative sen-

sitometric strip within the range of positive densities which can be
projected. Thus by altering the printing time, positives were ob-

tained which simulated exactly the effect of giving different exposures

to the negative. The prints were practically identical in density

at corresponding steps and one print could not be distinguished from
another even on very careful examination.

The results are shown in Fig. 6. Curve A is the graininess

curve plotted as a function of the density of the positive print for the

case of minimum exposure of the negative. The minimum exposure

which the negative can be given is, theoretically, the one which
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records the lowest light of the picture area on the lower end of the
straight line portion of the Hurther and Driffield characteristic curve
of the negative material. In practice, however, it is possible to use a
somewhat shorter exposure than this without seriously affecting the

tone reproduction in the shadows. This involves the use of the so-

called "under exposure" region of the characteristic curve of the

Fig. 6. Curves Showing the Variation of Graininess with Exposure

negative material. While this departs from the theoretical require-

ments for the exact reproduction of the tonal scale, it has certain

practical advantages, one of which is the diminution of graininess.

Curve A represents, therefore, the minimum exposure in the sense that

a shorter exposure would result in a sacrifice of the proper rendering
of tone values in the lower lights of the picture area. The effect on the

graininess of the resulting positive of increasing the exposure of the

negative over this minimum possible exposure is represented in the

other curves in Fig. 6. The curve B shows the effect of increasing

the exposure about 1J^ times over the minimum; Curve C, 3 times;

Curve D, 6 times, and Curve E, 10 times. An increase of ten times
was found to be about the limit with the arbitrary contrast range
selected. It will be noted that the increase of exposure of the negative
leads to a marked increase in the graininess of the resulting positive.

The increase is the most marked at first and with the longer exposures
increases very little. This shows the importance of using always the
shortest possible exposure of the negative when it is desired to mini-
mize the effect of graininess in the positive. It might be added that
all of these tests were performed on photographic materials of the

same emulsion number throughout any series of tests. Likewise, a
single solution developer was used which was made up in sufficient

quantity to last throughout an entire test. The experiment has been
repeated with other developers and other emulsions and similar

results obtained.
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The belief seems to be prevalent among practical photographers
that underexposure is frequently the cause of excessive graininess.

This opinion may result from the judgment of graininess being based
upon the visual appearance of the negative. At this point it should
be again emphasized that the term "graininess" is a subjective factor

and is the visual evaluation of the lack of homogeneity in the photo-
graphic deposit. Our measurements have shown that the maximum
graininess in a positive does not occur in that area of the positive

which is printed from the area of the negative having a maximum
graininess. It is probable that in cases of underexposure (by this

term is meant an exposure less than the minimum exposure referred

to in this paper) the tones of greatest interest which usually occur in

the brighter half-tones of the object have been moved on to the por-

tion of the graininess density curve where maximum negative graini-

ness occurs. It is possible, therefore, that this is the foundation for

the popular belief that underexposure results in excessive graininess.

The measurements reported in this paper have been made so carefully

and repeated so many times that the authors feel very confident that

the findings are reliable and according to these results the minimum
negative exposure which can be used and at the same time satisfactorily

render the tonal scale of the object will result in the minimum graini-

ness of the positive printed therefrom.

The effect of the time of development of the negative was then
investigated in the following manner. A number of pieces of cine

negative film of the same emulsion number were given identical expo-

sures in the sensitometer. These strips were then developed for differ-

ent lengths of time in the same developing solution. This caused a

difference in the contrast of the negatives. Prints were then made on
cine positive material, compensating for the difference in contrast in

the negative by altering the time of development of the positive so

that the prints made from the different negatives were exactly alike

in appearance. The graininess of each step of the strips was then
determined with the graininess apparatus and the results are shown
in Fig. 7. It will be noticed that the curves differ by only a little more
than the probable error in the method of measuring graininess and
that it can therefore safely be said that the graininess of the resulting

positive is not affected by the time of development of the negative

from which it is printed. Within the limits for which correct tone

rendering is possible, it makes no difference in the final positive

whether the negative is developed to a high contrast and the positive

to a correspondingly low contrast or whether the opposite conditions

obtain.

By a very similar procedure, the effect of the concentration of the

developing solution used to develop the negative was determined.
In this case the negatives were developed in solutions of different

concentrations for sufficient times to produce the same contrast.

Identical prints were then made and examined in the graininess

apparatus. It was found, that the graininess of the positives increased

as the solution in which the negative was developed, was diluted. The
effect existed for several different developers which were tried but the

increase is very slight for concentrations which would ordinarily be
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used in practice. In fact, for practical purposes, the graininess can
be said to be independent of the concentration of the solution in which
the negative is developed.

A large number of developing agents were investigated in the
hope that one of them would be found to give very much reduced
graininess. Unfortunately, such was not the case. With one or two
exceptions the graininess of all the positives made from negatives

developed in the different solutions was very nearly the same. Of
the common developing agents, a concentrated pyro solution was
found to give slightly less than average graininess and the Eastman
Process developer slightly more. However, the differences are so

small that one developer is not to be preferred to another for this

reason alone.
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Fig. 7. Curves Showing the Effect of Time of Development upon Graininess

It has often been stated that the fixing, washing, and drying
conditions play a large part in determining the graininess. The most
common claim is that the warm moist atmosphere which is encountered
in the tropics and at times during the summer months in this latitude

is responsible for a large increase in graininess. This point was inves-

tigated by exposing and developing a photographic material and then
cutting it into two or more strips for the fixing, washing, and drying
process. Strips were thus prepared under what may be called

"winter" conditions where the fixing and washing were carried out in

baths at a temperature averaging about 45°F. They were then dried
in air at 65°F aided by an electric fan so that the drying was completed
in less than half an hour in every case. Other strips were prepared
under "summer" conditions where the washing and fixing was done
in solutions at approximately 80°F and the strips were then placed in

a box maintained at a temperature above 90° and at a high relative

humidity which would prolong the drying process for 24 hours or
more. When the strips prepared under the two conditions were
compared, it was found that the slow drying in the warm atmosphere
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had caused the dried down densities to be higher than in the case of the
rapid drying under the simulated winter conditions . This was particu-

larly true at the higher densities which results in an increase in the
contrast as well.

When graininess measurements were made, it was found that
there were slight differences in the graininess for the same step but
that when the graininess was plotted as a function of the density of

the step, these differences disappeared. Thus, it appears from these
tests that the graininess is not affected by the fixing, washing, or

drying conditions. Tests were also made in which the fixing and wash-
ing was carried out in the same solution and the strips separated for

drying at different temperatures. Again the graininess was not
affected.
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Fig. 8. Graininess in Positive Made from Minimum Exposed Negative

It is, of course, impossible to alter the exposure of the positive

over wide limits as in the case of the negative, the exposure of the

positive being limited by the requirements of the projected apparatus.

However, it is possible to use light of different colors in printing and
this was therefore tried to determine the source of light which pro-

duces the minimum graininess. It was found that there was a
marked decrease in graininess when ultra-violet light was used. The
positive materials are not, in general, sufficiently sensitive to visible

radiations other than blue and violet to make it feasible to use color

filters in the printing machines to advantage. The difficulty of alter-

ing the intensity of the mercury vapor lamp which was used as a
source of ultra violet light constitutes a serious objection to its use in

commercial printing machines.
Tests were also made to determine the difference in graininess

resulting from the use of a specular or diffuse beam of light for printing

the positive. When absolute contact was secured between the nega-
tive and positive by means of a process printing frame, the graininess

was found to be somewhat reduced by printing which diffuse light such
as is obtained by placing a piece of pot-opal glass before the negative.

This was also found to hold when it was tried on two different makes
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of automatic printing machines. However, when definition tests were
made at the same time, it was found that the reduction of graininess

by printing with a diffuse beam was obtained at the expense of a slight

loss of definition in the printing machines, in which it is impossible to

secure accurate contact. It is not considered advisable therefore

to use the diffuse beam in practice in spite of the slight decrease in

graininess which it entails.
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Fig. 9. Graininess in Positive Made from Negative with Increased Exposure

The effect of the concentration of the solution in which the posi-

tive is developed, was investigated and almost no change in graininess
was found with the change in concentration. Many different develop-
ing solutions were also tried but only very slight differences were
found in the graininess. Curiously enough, the Eastman Process
developer which ha'd produced the maximum graininess when used to

develop the negative, produced the minimum when used to develop
the positive print.

Occasionally a motion picture positive is encountered which
appears to be exceedingly grainy when projected on the screen. Since
no variation of the photographic technique in the laboratory produced
sufficient modification of the graininess to account for this effect, it

was necessary to assume that it is due to the nature of the subject.
A further investigation along these lines disclosed the fact that the
subjects which exhibit this abnormal graininess usually contain large

picture areas which are rendered in the positive by a density lying

near the maximum of the graininess-density curve. For example, a

seascape with large masses of clouds in the sky will usually appear
very grainy in the cloud areas. If the negative has been correctly

exposed, this graininess is not due to any faulty photographic tech-
nique but rather to the fact that, with the ordinary procedure, the
clouds are rendered by a density which leads to a maximum graini-

ness. For a subject of this kind, the remedy consists in altering the
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exposure in printing so that the optical density of such areas may be
either increased or decreased by an amount sufficient to reduce the

graininess to a point where it will not be objectionable. If the printing

exposure is increased, the positive will be dense and the screen bright-

ness somewhat reduced. If carried too far, this leads to loss of detail

in the shadow portions of the picture. On the other hand, if the
printing exposure is decreased, the print will be too light and the

tone reproduction in the higher lights of the picture area will be
sacrificed.

The choice of procedure will naturally depend upon the subject.

With a subject of little contrast in which light tones predominate,
better results can probably be obtained by increasing the printing

exposure. On the other hand, a subject of high contrast in which the
dark tones predominate will usually be better rendered by the opposite

procedure. While no hard and fast rule can be set down governing
all such cases, it is usually possible to avoid rendering any large pic-

ture areas by a density in the region of maximum graininess.

This abnormal graininess is encountered in an occasional picture

made in the studio. In this case also the graininess is apparent only
when there are large areas of the picture rendered in a light key.

When it is desired to use light tones in the setting and at the same
time to minimize the graininess, the large areas of the picture should
be broken up as much as possible. For example, printing a design or

pattern on an otherwise bare wall will reduce the graininess consider-

ably. In this case the attention of the optience becomes fixed on the
design and the scintilation of the grains in the bare area is not so

apparent. When the subject is a close up, the brightness of the face

must be so adjusted with respect to the rest of the setting that the
face will appear to be white when projected. If the face of the actor

is rendered by a density somewhat lower than that corresponding to

a maximum graininess, the tones of the back-ground should be so

adjusted that the larger areas will have a density well above that of

the maximum graininess. It will be noticed by referring to the
curves given in this article that the maximum graininess occurs

always at nearly the same positive density independent of the
photographic procedure. Also the curve on either side of the
maximum is steep so that a small variation in density produces a large

difference in the graininess. By taking advantage of this property
of the photographic materials, it will usually be found possible to

reduce the graininess to a point where it will not be objectionable.

Summary of Results

1. It has been found that the negative exposure in the taking
camera has considerable influence on the graininess of the resulting

positive print. The minimum graininess is obtained by a minimum
exposure. The graininess increases continuously with increase in

exposure.

2. The time of development of the negative has practically no
effect on the graininess of the resulting print when the development
of the print is adjusted to compensate for the differences in the con-

trast of the negatives.
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3. The use of diluted developing solutions to develop the nega-
tive produces a slight increase in the graininess of the print. This
effect can usually be ignored in practice.

4. The graininess of the print was found to be almost independ-
ent of the developing agent used to develop the negative. Prac-
tically all of the common materials such as pyro, metol-hydroquinone
in various combinations, amidol, etc., were tried and only negligibly

small differences found between them.
5. Contrary to the claims that are often made, the fixing,

washing and drying conditions were found to have no effect on
graininess. The photographic materials were subjected to very
severe conditions of warm solutions and slow drying in warm moist
air but no increase in graininess could be measured.

6. The effect of the light used in printing on the graininess of

the print was investigated. Printing by ultra-violet light was found
to decrease the graininess. The graininess was found to be less when a
diffuse beam of light was used in place of the usual parallel or specular

beam. Practical considerations, however, make it undesirable to

attempt to decrease graininess by this means.
7. The graininess of the print was found to be practically inde-

pendent of the concentration or the nature of the developing agent.

8. An explanation is offered for the excessive graininess which
sometimes occurs with certain types of subjects. This is probably due
to the nature of the subject which requires rendering large unbroken
areas by positive densities which lie near the maximum graininess.

The various remedies for this condition are discussed.

Communication No. 145 from the Research Laboratory of the Eastman
Kodak Company.
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DISCUSSION

Mr. Richardson: This is entirely out of my field of knowledge,
of course, but when I look at certain motion pictures through fairly

powerful glasses I notice, especially in African scenes, that there is

an effect which I do not know how to describe other than to liken it to

snow flakes tumbling about in the air. Is that the result you are talk-

ing about—graininess?

Mr. Jones: There is an effect on the screen very frequently

which we sometimes refer to as a sort of. boiling effect, which is due
to graininess, and that is most perceptible in areas which are fairly

large, and of a fairly uniform brightness.

Mr. Capstaff: If Mr. Jones were to mention typical conditions,

and describe a picture in terms of density, it would probably have
more meaning to the meeting. For instance, in a typical sea and sky
picture showing marked graininess the density of a large proportion
of the area lies between .4 and .5. Those densities happen to fall at

the peak of the graininess curve, and I think that if Mr. Jones were to

consider such typical pictures and define them precisely in terms of

density it would convey more meaning.
Dr. Mees: I wanted to supplement the paper just by reference

to some further work which we are doing. Of course, this work is not
ready for publication, but I thought it would interest you to see the
application to this paper. Some time ago the laboratory undertook to

study the process which would give the best results in the duplication

of negatives. In my opinion, the problem of the duplication of

negatives is one of the serious problems that the motion picture

industry has to meet. Undoubtedly the financial control of the
industry would be very much better safeguarded if it were possible

to reproduce negatives successfully so the original negative could be
kept in safety. There are two problems in the reproduction of the
negatives. One of them was solved by Mr. Capstaff without any
particular difficulty. That is the problem of tone rendering. You
probably know that the prints made from duplicate negatives today
are usually rather conspicuous for their lack of quality. There is no
great need for that. We were able to duplicate negatives and obtain

an entirely satisfactory tone rendering, a rendering which in the

positive could not be distinguished from the original.

But the other problem is graininess. There is a very great

increase in graininess in the making of duplicate negatives. The
reason for that we do not understand. We do not yet understand the

physical conditions which govern the relations between the graini-

ness of the negative and the graininess of the positive. We only know
what they are; we do not know why they are. And this work, while of
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importance in itself to the general motion picture field, is of special

importance in connection with its application to the question of the

duplication of negatives and the production of those negatives with a

minimum of graininess. Whether it is possible to produce duplicate

negatives which will give prints as free from graininess as the original

prints is a matter on which we have not yet made up our minds. I

am personally inclined to think it is not possible, but I do not want
to be at all dogmatic, because we may find it is. But we have a lot of

work in front of us on that subject, and we hope to place the result

before you as soon as it is available. This will include a report of

our attempts to produce duplicate negatives satisfactorily from the

standpoint of tone reproduction and at the same time show no increase

in graininess. The application of this paper to that will then be
manifest.

Mr. Gregory: With regard to the graininess in African scenes

there, very frequently the negatives are developed under very adverse

conditions, on account of the silt in the water, and are dried also in the

dust, and another factor is the retriculation, which has not been
dealt with by Mr. Jones in the present paper, I believe.

Mr. Cazslellaine : I happened to be in Africa, with two sci-

entists of the Pasteur Institute of Paris, France, doing research work.
We noticed while walking through the jungles that there was a certain

boiling condition in the atmosphere which was plainly visible to the

eye, having the appearance of little specks of matter in constant

motion. I believe that the lens being keener and more sensitive than
the eye sees the objects or particles therefore photographed on the
film giving the film the granular appearance which Mr. Jones has
called "graininess."

I have noticed particularly along the Suez Canal where the winds
are very hot and dry (Siroco Winds) that when these winds strike

our faces the skin dries and cracks, and the blood starts to flow. This
occurs a great deal among the foreign people, who travel in these

countries, while the natives are not affected so much. This condition

naturally affects the film in some way. In the tropics we were com-
pelled to use any water available for developing our films, consequently
much of it contained a large amount of alkali which naturally gave
the film a spotted appearance. Again I believe that the "graininess"

seen on the films is the result of imperfect lenses.

Mr. Runcie: I should like to ask Mr. Jones if there is any
method whereby the camera man would know how to avoid that
graininess in making his exposure.

Mr. Jones: It is certainly possible to measure it, but I think,

as I stated before, that the best rule is to give the minimum exposure
possible, that is to keep the negative exposure as low as possible, and
to render the scale by the minimum of negative density.

Now, Mr. CapstafFs suggestion might clarify the matter some-
what. The information is all contained in the curves shown in Fig. 6,

but perhaps it may be presented in a manner more easily compre-
hended. In Fig. 8 the relation between graininess and negative
density is more directly shown. The curve marked 1 in this figure is

the ordinary H. and D. characteristic of the negative material. The

121



ordinates of this curve are in terms of density while the abscissa

values give the logarithms of the exposures which correspond to the
densities indicated. Let us assume that a negative is to be made of a
subject which has a contrast range of 1-32. In the case shown in

Fig. 8, the exposure is so adjusted that this subject is rendered on the
lower portion of the characteristic curve, thus making use of the
comparatively low density range. The range used is indicated by
perpendicular lines marked A and B. If a positive of good quality

be made from this negative, the graininess values obtained by measur-
ing the various silver deposits in the positive, when plotted as a
function of the negative exposure, will give curve No. 2 (Fig. 8).

We can now by direct comparison of the graininess curve and the
characteristic curve determine the graininess of the positive corre-

sponding to any negative density.

The characteristic curve gives the relation between the exposure
to which the negative material was subjected and the resulting

density. The exposure is directly proportional to the brightness of

the various areas in the subject. We, therefore, have a means avail-

able of obtaining the graininess in the positive corresponding to any
brightness in the subject.

In the case represented in Fig. 8, the highest light in the picture

projected on the screen will have a graininess value of approximately
250 as indicated by the intersection of Curve 2 with the perpendicular

line B which represents the upper limit of subject brightness. An
area in the projected picture having a brightness of 50 per cent of the

highest light will have a graininess value of approximately 600, and
the same will be true for an area having a brightness of 25 per cent of

the maximum. The deepest shadows in this projected picture will

have a graininess value of approximately 150 as indicated by the

intersection of Curve 2 with the perpendicular line A. Thus we see

that the maximum graininess occurs in those parts of the projected

picture which have a brightness between 25 and 50 per cent of the

maximum. This is the region usually occupied by the face of the

actor in a "close-up.

"

To show the effect of increasing the exposure in making the

negative, the curves in Fig. 9 are given. Curve 1 is again the charac-

teristic of the negative material. In this case the exposure is increased

four times so that the same subject (having a brightness range of

1-32) is now rendered by the portion of the characteristic curve lying

between the perpendicular lines C and D. The subject is now rend-

ered by negative densities considerably higher than in the case of

Fig. 8.

The tone reproduction is slightly better in this case because the

characteristic curve is a perfectly straight line which was not quite

true in the case represented by Fig. 8. Curve 2 (Fig. 9) shows the

relation between negative density and the graininess of the resulting

positive. In this case the highest light in the projected picture is

represented by the silver deposit having a graininess of almost 1000,

the deepest shadow by a deposit having a graininess of approximately
350. The maximum graininess (1500) occurs where the brightness

in the picture is about 20 per cent of the maximum. In the portions
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of the picture in which the brightness varies from 25 to 50 per cent

of the maximum, the mean graininess is approximately 1400. This

is over twice as great as the graininess for the same brightness region

when reproduced under the conditions in Fig. 8. Thus in an average
"close-up" the face would appear much more grainy when the repro-

duction is achieved by the conditions represented in Fig. 9. I think

this discussion will serve to illustrate the way in which the graininess

measurements may be applied. It is evident that the subject being
photographed must be thoroughly understood before any precise

conditions for obtaining a minimum of graininess in the photographic
positive can be definitely outlined. As previously stated, the general

impression of graininess received when a projected positive is ex-

amined on the screen depends to quite an extent on the graininess

of the large uniformly illuminated areas. One general principle that

can be stated, therefore, is that such areas should be so rendered as

not to fall at the peak of the graininess curve.

Mb. Richardson: Now, I want to apply this thing in practice.

I see a number of you smile when I make that statement, but there

have been many splendid scenes utterly ruined by this very thing.

I did not know what to attribute it to. Here is the practical applica-

tion of it. If the film has a high graininess, then in the average small

theater in which the front rows of seats are within eight or ten feet

of the screen, it is almost impossible to recognize any of the details

of the picture. The faces look blotched, and the effect is very bad
indeed. The same subject looks very good from the same seats when
this fault is not present. This thing had a very important applica-

tion in practice in the theatre itself and that is the reason I have
presumed to discuss the matter at all.

Mr. Gregory: The practical application of this is in avoiding
graininess in the work of the camera man. The large majority of

camera men know very little about light intensity. They go on the
theory, most of them, that it is necessary to soak in the exposure to

get it. They are, almost without exception, afraid of getting an
underexposure, and until some genius here in the society provides the
camera men with a simple, practical photometer, and some compara-
tively simple directions for using it, and the advantages of its use,

we will continue to have over-exposed negatives and graininess at the
peak of the graininess curve, because today, with the high intensity

arc lights, and the soaking in of light from every direction, we certainly

have a tendency to give the utmost graininess at the present time.

Another thing which Mr. Bradfield referred to is the translation

into practical terms of results like this to the average camera man.
He may not have the slightest conception of what these things mean,
but if they are put in terms of practical things, like clouds that appear
at certain times in the day, or surfaces which are ordinarily repre-

sented by that grade in density, then he has something his mind can
grasp and he can apply practically, and that is the sort of thing which
the studios really need. They need it badly, and some of these things
have to be translated before they can be used by them.

Dr. Mees: We are engaged in this work of translation and it is

being pushed forward as rapidly as possible. Our object, of course,
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in conducting this work is to make it available for the motion picture

industry, just as our work on lighting of theaters, screen illumination,

and so on, should have application in the theater. I think that the
camera man and the person in the motion picture industry is very
anxious to get hold of any information which is available, and I

believe that as information of this kind is put before him, he will be
very glad to adopt it in his practical work.
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CAN THE MOVIES TEACH?

By Rowland Rogers

SYNOPSIS
This paper attempts to contribute some information upon the subject of the

meaning, advantages, and limitations of visual education through motion pictures.

From the standpoint of observation and experiment it evaluates the motion picture as a
visual aid to instruction, hi general it answers the question, "Can the Movies Teach?"

AS YOU may judge from the title, these remarks are presented

from a popular rather than a technical viewpoint. A more
sleep-producing but less readable or hearable title would be,

"Visual Education,—An Evaluation of the Motion Picture as a Tool
for Instruction." But, why not ask, "Can the Movies Teach?" The
point is,—Do you know? No. Do I know? No. Does anyone
know? No. Can we find out? Perhaps. There are a few spots,

however, where our ignorance is less dense. Let's search these.

The first spot we should not examine for illumination is the
salesman who sells motion pictures for instruction. He is apt to

say:— "Seeing is believing." "This is the simple way to gain clear,

accurate and abiding impressions. Movies are the painless way to

learning. They speak the universal language." I know for I used
to do it myself.

Or should he be a six cylinder salesman, he may take the easy
position:— "I don't need to prove the value of movies in education.

I admit their value. Movies are the most smashing, clashing, grip-

ping, thrilling way to put over ideas. They go with a bang. They
have punch. They are a 'knock-out.'

"

A motion picture censor in Ohio—a woman—is reported to

have said :—
"Statistics prove that 10 percent of the people are thinking

persons. Fifteen percent think part of the time and 75 percent never
think at all."

She may be right. The results shown by the army intelligence

tests are nothing to brag about. Whatever the percentage, the people
who are to be convinced of the value of the movies for instruction are
in the 10 percent thinking class. With them enthusiasm cannot re-

place fact, nor propaganda substitute for proof.

What is Education?

Then where are we? Let's get our bearings. What is the pur-
pose of education? And what is education?

If you concur in Herbert Spencer's statement, we can proceed
rapidly :

—

"To prepare us for complete living is the function which
education has to discharge."
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Our old friend, Noah Webster, defines three elements in educa-
tion:— (1) Knowledge, (2) Skill, (3) Discipline of character. Presi-

dent Charles W. Elliot says :

—

"The most important part of education has always been the
training of the senses through which the best part of knowledge
comes. This training has two precious results in the individual be-

sides the faculty of accurate observation,—one of the acquisition of

some sort of skill, the other the habit of careful reflection and meas-
ured reasoning which results in precise statement and record." 1

Now if for the moment at least, you will agree with Noah and
Charles, we find these fundamentals of education:— 1. Knowledge
gained through accurate observation. 2. Skill. 3. The reasoning
mind or discipline of character.

President Elliot also makes this statement:

—

"It should be the great advantage of modern education that it

has learnt to combine the training of the powers of observation with
an accurate use of language and the best kind of memory work." 1

"Many an elderly professional man, looking back on his education
and examining his own habits of thought and of expression, per-

ceives that his senses were never trained to act with precision, that

his habits of thought permit vagueness, obscurity and inaccuracy,

and that his spoken or written statement lacks that measured, cau-

tious, candid, simple quality which the scientific spirit fosters and
inculcates." 1

He concludes:

—

"If one had to choose between training the senses and training

the memory and the language powers, one would choose the latter; but
both are indispensable to the best results in education. Neither
depends for its educational value on imparting information; each
supplies an indispensable discipline for the human intelligence." 1

I quote these extracts at length because they come from one of

America's foremost thinkers and educators; because they have been
printed and distributed with the sanction of the General Education
Board and primarily because they deal with fundamentals.

I admit the difficulty of reaching an agreement on what is educa-
tion and its purpose. However, in this discussion I assume the

objective is:

—

(a) Training the powers of observation.

(b) Training the memory.
(c) Acquisition of skill.

(d) Cultivation of the reasoning mind or discipline of character.

This paper frankly confines itself to a discussion of "Can the

Movies Teach?", and not the broad one, "Can the Movies Inform?"
So motion pictures are considered as an adjunct to the class room and
not as a source of general information and entertainment in the

assembly hall of either theatre or school.

Again, as about 92 percent of our school population is in the

elementary schools, and about 7 percent in secondary schools, the

1 See "Changes Needed in American Secondary Education" by Charles W.
Elliot—Occasional Papers.—General Education Board.
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success or failure of visual instruction must be decided primarily

in the elementary and secondary schools. I omit consideration of

such training in higher education.

What is Visual Instruction and its Field?

Now where are we? If the object of education is knowledge,
skill, and discipline of character, and if you agree with President

Elliot's statement, "The best part of all human knowledge has come
by exact and studied observation made through the senses of sight,

hearing, taste, smell and touch/' certainly we eliminate, by using

visual aids, most or all of training through the senses of hearing, taste,

smell, and touch.

What is the importance of such elimination. Professor Frank
N. Spindler, formerly of Harvard University, made tests on 456
young men and women students in a western State Normal School:

—

He found these results:— 57.7 percent were exclusively visual

minded and 91.4 percent were either exclusively visual minded or

visual minded in combination with some of the other senses. 2

Type Number Per Cent

of Whole

Visual 263 57.7
Auditory 18 4

.

Motor 62 13.6
Visual and Motor 26 5.7
Visual and Auditory 35 7.7
Motor and Auditory 5 1

.

Visual, Auditory and Motor 47 10 .

3

Total number of students tested 456 100.

If such figures may be relied upon, and if such a ratio applies to

all men and women,—and they may— (I do not say they do) we may
safely conclude that from 10 percent to 40 percent of all people do
not respond primarily to visual means and that visual aids are not
the best tools with which to reach them.

We then consider visual instruction in the remaining field

—

which may embrace from 60 percent to 90 percent of all people.

Visual instruction, of course, is the use of aids such as motion
picture films, slides, stereographs, charts, etc. to appeal to the mind
through the sense of sight.

Since we agree the objective is to impart knowledge, train the
power of observation, promote skill and induce the reasoning mind,
a well balanced educational program may well include a knowledge
of:—

1. Language.
2. Mathematics.
3. Fine Arts.

4. Science.

5. Humanistic or classical studies.

Later we will see the extent to which the movies have or may
contribute to this instruction.

2 Frank N. Spindler—"Sense of Sight."
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What do Movies Contribute as a Visual Aid?

Action, giving life-like reality, is the fundamental contribution
of motion pictures to visual instruction.

A second important contribution of the movies. is their ability

to make minds meet, upon a common basis of understanding. They
make an impression which is standardized, uniform and exact. The
movies will visualize, for example, a dog or a machine, its size, form,
and action and provide an unmistakable common meeting ground
for all minds. They are a genuine universal language.

Another important contribution is the fact that movies are the
cheapest method of reaching large numbers of people. They have the
lowest per capita cost.

Again, movies are the quickest means of imparting ideas. 16,000
separate mental impressions are made in fifteen minutes. This speed
stimulates the mind to observe and react quickly.

The movies overcome time, size, and space. They reproduce
for all time, we hope, a faithful record of past action and events.

They unfold the mysteries of far away places and customs, anywhere
on the earth's surface. They uncover to all eyes the marvels of the
minute world revealed by microscope. They make known the im-
mensities of the universe discovered by the telescope.

The Appeal of Motion Pictures

Words, in the form of language, spoken or written, must appeal
through "style." And style, according to an authority, Prof. Barrett
Wendell, has three elements,—clearness, force and elegance.

Movies are merely tools, in the form of pictures, to express

ideas. They, too, must have clearness, force, and elegance.

In other words, both movies and words have three fundamental
appeals :

—

(1) An appeal to the intellect, reason or judgment (clearness)

.

(2) An appeal to the emotions, instincts or the feelings (force)

.

(3) An appeal to the artistic sense which responds to the pic-

torially beautiful (elegance)

.

The well-balanced educational program may include a knowledge
of language, mathematics, fine arts, science and the humanities.
There is no sound reason why movies cannot be designed to appeal to

the intellect, the instincts and the artistic sense in teaching each of

these subjects. No one doubts that theatrical movies have at times
a vivid emotional appeal. Why not link up the teaching of English
or history or psychology with the fundamental instinctive appeals?

Although 34 American cities are using motion pictures for class

room or assembly hall instruction, nearly all their subjects were pro-

duced as entertainment movies. These were planned originally

for circulation in theatres. They have been recast, retitled, re-edited

for school distribution. Such material is certainly not more than
50 percent efficient. There are probably not more than a dozen groups
of pictures (if that many) which have been designed primarily for

instruction.

Another difficulty in using movies successfully for instruction

is that movie men and women as a class do not understand in-
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structional or pedagogic pictures. Nor do teachers generally under-

stand the medium and technique of the movies. As time passes this

gap will be bridged. Then we may expect instructional pictures

which have high artistic and pictorial value, which are motivated by
appeals to the instincts, reason or emotions.

However, a fair start has been made to use movies in teaching all

five branches of knowledge we are considering. Today movies teach

geometry, English, biology, certain classics and some of the fine and
household arts.

Various Types of Motion Pictures

The movies have developed a photographic and production
technique of their own. Every method devised and developed in the

entertainment movie may be used as a tool for instruction. So we see

straight motion picture photography used in News Weeklies, Geo-
graphical and Travel pictures. Trick photography is used in scientific

pictures. Cartoons are used to add spice and freshness to the

presentation of a subject which might otherwise be dry. Slow or

analysis of motion pictures disclose action occurring too rapidly

for the eye to detect.

The movie camera has been linked to the microscope and the

telescope. Animated diagrams or technical drawings, photograph
the invisible. They show mechanical, electrical, chemical or molecular
action as it is seen or conceived by the trained or scientific mind.
The close up, the dissolve, the fade-out, the long shot,—all are tools

for the visual instruction picture.

Motion pictures dealing with the following subjects have been,

can be or are being made at the present time :

—

INSTRUCTION (Education)
1. History
2. Geography
3. Natural Science

(a). Botany
(b). Astronomy
(c). Physics
(d). Chemistry
(e). Biology
(f). Zoology

4. Mathematics
5. Religion
6. Philosophy
7. Useful Arts (e). Communication

(a). Medicine (f). Chemical technology
(b). Surgery (g). Manufacturing
(c). Agriculture (h). Mechanical trades
(d). Domestic Science (i). Building

8. Fine Arts
(a). Landscape gardening (d). Drawing and Design
(b). Architecture (e). Painting
(c). Sculpture

9. Literature
10. Sociology

(a). Political Science (b). Economics

Limitations and Disadvantages of Motion Pictures

Limitations. Here are some of the limitations of today's
movies.
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First, is the lack of color. Someone will promptly say, "We
have natural color photography and tinting and toning." Quite true.

Yet even the best of the color pictures which are commercially pos-

sible are made with the two color process and so do not fully represent

actuality. To date very few natural color pictures have been used in

instruction. The rapid progress being made in the production of color

pictures affords a promising outlook.

Tinting and toning at best is merely an approach toward, but
not the reproduction of actuality of color.

Second. Movies are in two dimensions only. There are many
promises of pictures with the third dimension. It is entirely thinkable
that within the near future there will be devices which will either

make or project pictures so that they will give this third dimension,

—

depth. While the two dimension pictures are acceptable, the lack of

depth constitutes a genuine limitation to the reproduction of actuality.

Third. Motion pictures do not reproduce sound. While the
"talkies" are making progress they have not been used extensively.

There is one promise that the movies may be synchronized with the
radiophone. Another promise is that the film itselfmay carry the sound
record so that movie and sound may be reproduced simultaneously.

Fourth. The movies, of course, do not appeal directly to the
senses of taste, smell, nor touch.

Fifth. The movies being dependent upon photography must
depend upon light. No movies can be shown of what takes place
in the darkness.

Disadvantages. The main disadvantage with the movie per se

for instruction, seems to be the rapidity with which it tells its

story. The eye appeal of a certain scene may be so flitting that it

fails to make a convincing mental impression. Again the rapid shift

from scene to scene may pile up an incoherent series of impressions
which quickly fade away. This difficulty, of course, can be over-

come to some extent by change in editing and in the method of use.

For instruction a scene or shot can be repeated as often as is necessary
to cause the right mental impressions. The fact that movies may be
used as tools to present sensational, coarse or unworthy ideas is no
real argument against the movie itself. The control of the subject

matter of motion pictures rests with the same source which controls

the printed or spoken word and still photography.

What Proofs Through Tests do Motion Pictures offer of

Their Value?

The primary need today of the movie for instruction is the test

of its utility. Before schools invest large sums in projectors and
films, the scope of the movie should be evaluated and its proper
method of use determined. Research and tests can be conducted to

ascertain the determinable facts. Two sets of tests with which I am
familiar have been made. The results are most interesting.

Professor J. W. Shepherd of the University of Oklahoma during
1920, found these results from tests r

In the Spring of 1920, he conducted a test on about a dozen pupils

of average intelligence in one of the high schools of Madison, Wis-
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consin. Abstract and concrete subjects were taught to one group

by means of films only, to another group by a superior instructor

and to another group by an average instructor. The film scored an
average of 74.5 percent, the superior teacher an average of 66.9 per-

cent, and the average teacher, 61.36 percent. In other words, the

film beat the best teacher by 6.6 percent and the average teacher by
12.14 percent.

Professor Jos. J. Weber of the University of Kansas during 1921

conducted a series of tests in Public School No. 62, New York City.

The following is a result of one of his experiments :

—

Four hundred and eighty five pupils in Public School No. 62

were examined as to their knowledge of geography. When the ex-

periment began, all pupils had an average knowledge of about 31.8

units. This standing they had gained from the knowledge of their

geography prior to the experiment. From this starting point (31.8

points) the four hundred and eighty five pupils who were taught orally

without the aid of the correlated motion picture film improved to

45.5 points, a gain of 13.7. The same pupils with the aid of the film

shown after the oral lesson, improved to 49.9 points, a gain of 18.1.

The same pupils with the aid of the motion picture film before the

lesson, improved to 52.7 points, a gain of 20.9. Professor Weber
says, "statistically these points are reliable to the point of practical

certainty."

Movies are either of value or they are not. They either make a

genuine contribution to visual instruction or they do not. They add
one or more factors to the expression of ideas than do charts, slides,

models and other visual aids or they do not. Until scientific tests

based upon observation tell the truth conclusively, we do not know
how valuable the movies are as a tool for visual instruction.

Based on Observation, What Value do They Hold Out?

Here are the experiences of a few men who have had actual

experience in the use of motion pictures:

—

Edwin H. Reeder, Supervisor of Visual Instruction in the

Detroit Public Schools, in answer to the question, "Can the Movies
Teach?" says:

"This question hinges on the definition of the word 'teach.' If

the question were expressed 'Can the Movies force a child to learn'

my answer would probably be in the negative. There is only one
way for a child to learn. That one way is for him to exercise his

mental powers."
"Your question, therefore, to me may be paraphrased in this way,

'Can the movies stimulate a child to mental exertion resulting in his

learning.' My experience leads me to answer this with a decided
affirmative. Our problem as educators is to select, edit, title, and
use movies in such a way that the child is stimulated to think, experi-

ment, test his own results and in other words, to indulge in instructive,

purposeful activity."

Dr. Dudley Grant Hays, Director of Visual Instruction of the
Board of Education of the City of Chicago says :

—

"I recall a statement I once saw in an old book to the effect that 'If

we train up a child in the way he should go, when he is old, he will
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not depart from it." That old quotation brings to our attention the
difference between telling, teaching, and training. We can tell a
child something and he may grasp the meaning we wish to convey.
If we teach the same thing to the child there will remain with him a
lasting impression of what we told him and then we say he has been
taught that particular topic. If we go further and get the child to

put into his life action the things we told him that he remembers,
then we say that we have trained him in the use of that idea."

"I believe that wherever motion is an essential part of a lesson we
are teaching that the reel has no equal as a means of teaching. I do
not believe the time will ever come when the teaching in our schools

will be done wholly by reels and not require the present active help
of the live teacher. I also believe that with properly prepared reels

adapted to the classroom program the subject matter of our course

of study will be grasped by the pupil in much shorter time and in a
much more lasting manner than can be the case with any other method
of procedure."

Professor J. W. Shepard of the University of Oklahoma says:

—

"The matter has not only been settled experimentally, but some
measure of the efficiency of the moving picture has been determined.
In the piece of research which I began in Wisconsin two years ago,

a report of which you already have, the evidence indicated that a well

planned and carefully produced educational film has about the same
teaching efficiency alone and unaided as the most expert teacher

available and perhaps twenty per cent greater efficiency than the

average teacher. These figures have been verified by further experi-

mental work in Oklahoma. There is no doubt some types of material

with which the motion picture would be much more efficient than the

most expert teacher. There are no doubt, other types of material

that could not be presented so well on the screen. There is no justifi-

cation for the belief that the film ought and should replace the

teacher, but there can be little doubt, it seems to me, that the motion
picture is the most potential aid in the field of education today."

Prof. Joseph J. Weber of the University of Kansas says:

—

"In answer to your specific question, "Can the Movies Teach?"
I shall quote the conclusions from my fourth experiment—Experi-

ment D, entitled "The Comparative Effectiveness of Four Different

Methods of Presentation."

"The four methods of presentation were :— Study of printed page;

Being taught orally; Watching the film. Film with Comments.
Total number of pupils participating: 640. Total number of ques-

tions asked, 150,000 (estimated)."
"1. The averages of the "Film-Lecture" presentation are almost

invariably higher than any of the other three methods. This agrees

with the findings in Experiments A, B, and C. It may be safe to assert

now that, since we have statistical reliability in both A and B and
fair probability in C and D, the value of the picture as an aid in

teaching stands proved .

"

"2. Since in a verbal test the pictorial impressions must be trans-

lated into verbal imagery by the examinees, it is remarkable to find
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that "the- "Film Alone" is almost as effective as either "Study" or

the "Teacher."
"3. A pictorial presentation, compared with a verbal presentation,

has a manifestly greater influence upon choice by at least two per

cent."

"I should also like to state:

—

(a). The results of this study indicate a distinct value for pictures

only as aids, not as substitutes.

(b). The problem of economy yet remains to be solved, for the
cost of some visual aids still outweighs their educative value."

"Learning is the result of thinking, feeling, and doing on the part

of the pupil. The movie today ranks high in producing feeling, medium
in stimulating thinking, and low in effecting doing. Now in order

to make the movies teach the producer who can play upon the feelings

must call in the teacher whose skill stimulates" thinking, and the

teacher in his turn must utilize the picture so as to secure action.

To quote once more :

—

" the biggest task in the field of visual instruction now is the
actual elaboration of a specific methodology. Every subject in the
elementary curriculum, and every fundamental element that can be
elucidated with either a visual scene or a visualized scheme, will have
to be correlated with one or more visual aids. And every teacher will

have to know how to secure, systematize, and utilize most economi-
cally the various aids and be an expert in guiding the pupils in their

most effective use."

Mr. Nelson L. Greene, editor of the Educational Screen says:

—

"It will be easy for you to amass an imposing collection of general

opinions and theories from many sources, giving a strong affirmative

answer. But I would rather give you something specific and de-

tailed on why I believe it."

"A few months before the war ended, it was a grave problem in the
French,army how to keep the soldiers contented in the rest areas back
of the lines and especially in the concentration centres still further

from theJront. . I suggested to the Directors of the Foyer du Soldat

at Paris that I be allowed to pick up what slides and films I could find

in Paris, take along small projectors, and show pictures and lecture

to the Poiius in these areas on American life—contrasting it tactfully

with French life—and confining the subject, of course, to times of

peace without reference to war. They authorized a try-out rather

hesitantly, in a few places close to where I happened to be stationed,

and warned me to speak only 20 minutes as more would be sure to

bore the audience. I began. In ten days I was speaking an hour and
a half by request and was ordered by wire from Paris to cover the
whole sixty-five Foyers in that zone. In ten days more the picture

showing and lecture lasted 2J^ hours. The next month Paris furnished

an auto and an operator and sent the performance on tour throughout
all the French war zones. For seven months this continued—to a

total audience of about 100,000 soldiers, officers and civilians."

"The original purpose was to interest and entertain, but the audi-

ence insisted on considering it as appetizing education. After the lec-

tures, officers and men (in fives, tens or fifties) would surround the
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speaker for further discussion, sometimes for another hour. Argu-
ments, questions, further explanations, parallels between French and
American ways, etc. with much Gallic expression of extreme approval
and always the final question, "When will you be back for the next
lecture?"

"Did it teach or merely amuse" Hundreds said they had never had
any real idea of American life before, that here was a lecture that
left them something to think about, that they understood the dough-
boys better now, and "why don't we do this or that the same way in

France?" etc. One definite instance, and I am sure this letter will be
long enough."

"I was speaking to 1 100 Poilus packed in the town hall in the great

camp at Mailly. General S. . . . and some aides came in un-
expectedly, and there was an interrupting crash of benches tipping

as 100 tried to get to their feet. The general waived them back to

their seats and sat down himself to listen for the remaining hour and a
half. (I do not mention his name, but he was one of the eight or ten
on the Supreme Council of War for France.) At the close he told me
he wished every soldier in France could hear it; that it gave them more
than weeks of reading, even if you could get them to read. He pro-

posed to see to it that every one of his own officers, at least should
hear it. I had but two days scheduled at Mailly on that trip and the
evenings belonged to the Poilus. But at the general's special matinee
at headquarters the next afternoon he had corralled the 350 officers

then in camp, and the general sat through it again himself. Doubtless
the officers came expecting to be bored (the Frenchman's most deadly
fear, you know) but afterward they spoke in about the same terms as

usual of the value of the thing."

"The general had 250 more officers coming into camp the following

week and he ordered me to come back and speak to them. I said

Paris would have to arrange that. He telegraphed Paris, the second
time the message was emphatic. Paris did arrange it and I came back.

I warned the general, but he sat through the same pictures and
approximately the same lecture for the third time. He explained

that he expected to be talking over that lecture for months to come
and wanted to be sure that he had it all."

"So personally I feel quite convinced that the movies can "teach,"

and in the real sense of the word. If those blue-uniformed audiences

had gotten only facts it would have been a mere funnel process, so

rightly despised by educators. But to stimulate thinking for thou-

sands by an hour of talk and pictures, to provoke active reflection and
deduction, to start eager arguments that I sometimes heard going

on months afterward—that makes me know that movies can teach."

Conclusion

The following tentative conclusions may be drawn:

—

(a). The movies, as a tool for visual instruction apparently are a

primary and direct method to appeal to from 60 percent to 90 per-

cent of the people.

(b) . The preliminary tests to evaluate movies show that they are an

effective instructional tool.
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(c). Based upon data already secured by test and upon the first

hand information of many experienced users, further research and
tests should be made to determine the exact value and best methods
of using movies for instruction.

(c). Based upon data already secured by test and upon the first

hand information of many experienced users, further research and
tests should be made to determine the exact value and best methods
of using movies for instruction.

(d). There is no danger that movies will replace the teacher because
they are merely a supplementary tool in the instructors hands.

(e) . The movies hold out these possible advantages :

—

1. More effective instruction.

2. Cut the time of learning.

3. Cut the cost of instruction.

or the result may be a combination of two or more of these results,

(f). Movies may be motivated to attract attention, awake interest

by linking them with appeals to the emotions, instincts, pictorial

sense and the reason.

(g). The movies can serve not only as a means of memory training,

or as a tool to store the mind with facts, but offer possibilities of

stimulating the student to think, experiment and develop his own
mentally. In other words the movies may induce constructive think-

ing and action.

I shall now show you a one-reel picture which I have brought as

illustrative of some of the points mentioned in my paper. I am sorry

that I could not bring the particular film which I have previously

mentioned; it is a two-reel picture recently finished and designed
primarily for instruction. The one which I have and will show is

somewhat garbled, as it was hastily assembled from a two-reel fea-

ture. You will find great gaps in places but even at that I believe you
will see how the motion picture can be used definitely to put over
technical ideas.
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DISCUSSION

Mr. Howard: In connection with Mr. Roger's paper, I have
had the pleasure of attending two conventions of the motion picture
industry in regard to manufacturing reels that would meet the re-

quirements of Mr. Rogers. It developed in those conventions in

Chicago and Boston that there was not enough demand for that type
of reel that would be truly educational, in other words, for questions

and answers to meet the requirements of the distributor, who must
manufacture a certain number of reels to make that particular end
of the game pay. I believe that Mr. Roger's idea is a good one. There
should be educational reels made along the line that he has suggested.

Mr. Harry Levy, who at our last convention read a paper upon edu-
cational lines, is the only man I know who has gone into the method
deeply enough to warrant the production of reels for educational

purposes. In the United States the general distributor of motion
picture films has been utilizing films manufactured principally for

entertainment, and by changing the titles and subtitles is able to aid

educational interests. I believe that the Society ought to suggest to

the producers the consideration of manufacturing strictly educational

reels. These being available, statistics could then be compiled which
would show the results obtainable by such a system of educational
films . Conclusions can be drawn therefrom relative to the best method
of introducing the motion picture for educational purposes. I suggest

that a committee on educational films be appointed. If we already

have one, this matter should be taken up with the producers,

especially with Mr. Will H. Hays and the producers association.

Mr. Richardson: I do not think Mr. Rogers ought to feel that

we do not appreciate his paper, because we do not discuss it. It is

something with which we are not very well acquainted.

Mr. Cook: I do not think that we have ever had a paper that

has shown a more careful investigation of the whole field than Mr.
Roger's paper. I have known of his work for many years in connec-

tion with the New York schools, and it has been most interesting.

The Society does not realize the intimate contact, probably, that Mr.
Rogers has had with the educational field for many years. The fact

that so few of our members are in active connection with that field is

the only reason there has not been more discussion, and also the fact

that Mr. Rogers covered the entire field in such an able manner there

was practically nothing else to be said. It was the last word and none
of us feel competent to say any more than "Amen" to his paper of this

morning.
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COLOR PHOTOGRAPHY

By C. E. K. Mees

SYNOPSIS
Processes of color -photography are divided generally into the additive and

subtractive processes. The additive processes involve the production from the original

subject of three negatives, each made by means of one of the three primary colors—
red, green, and blue-violet. From these negatives, positives are made which are pro-

jected in superposition on the screen through filters of the same color as those by which
the negatives were taken.

In the subtractive processes, the three negatives are printed in such a way that

colored images can be produced, each positive being printed in a color complementary
to that of the filter through which the corresponding negative was taken, the red being

printed in blue-green, green in magenta, and blue in yellow. These color positives

are superposed to produce the color picture.

The screen plate process is a variety of the additive, the filters being extremely

small and distributed over the surface of the emulsion.

All these methods have been used for motion picture work, but owing to com-
mercial considerations the process which has developed furthest is the subtractive proc-

ess in ivhich only two colors are used instead of three, and these are on opposite sides

of the film.

FROM the beginning of photograph}' it must have occurred to

everybody who has taken photographs that it would be an
enormous advantage if the photographs could reproduce not only

the lights and shades but also the natural objects. Charles Kingsley,

who was an ardent devotee of the photographic art at the time when he
had to make his sensitive materials for himself and when the taking of

photographs meant a serious study of applied chemistry, in one of his

books he talks of the possibility of a time when the photography which
he was using to depict the form and texture of his much-beloved
plants and animals would be able to show as well the natural living

colors of the objects; but these dreams remained only dreams until

that great day in 1861 when Clerk Maxwell, at that time the greatest

physicist of the world, and one of the greatest who have lived, lectured

before the Royal Institution in London on his theory of vision, in

which he held that the eye has three color sensations, separate sets of

receiving organs being responsible for the perception of red,

green, and blue-violet, and that all colors are perceived as mix-
tures of these three primary colors to a different extent. To illustrate

this, Maxwell had taken three photographs, one through a red solu-

tion, one through a green solution, and the third through a blue
solution, and from these three negatives he had made three lantern-

slides which he threw on the screen on top of one another by means of

three lanterns, each one projecting its slide through the solution which
had originally been used for taking the negative. From these three
primary colors, red, green, and blue-violet in the correct proportions,

any color required can be obtained. Thus if red light is thrown on the
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screen and green light added to it, we shall get first orange-red and
then orange, which, as the intensity of the green grows in proportion
to the red, finally becomes yellow. Similarly, the addition of green
to blue-violet produces shades of blue-green and finally of pure bluish

green exactly opposite to the red sensation in color, while mixtures of

red and blue produce all possible shades of violet ranging through
magenta into purple (see Fig. i). Since the three colors together
represent white when they are mixed in equal proportion, we can
dilute any of the strong colors—red, yellow, orange, green, blue-

green, or blue-violet—by the addition of one or two other colors.

RED

RED ^~^~~~~-^

GREEN

""""--—
-^^^ YELLOWGREEN^^—"^BLUE GREeIT"

WHITE

BLUE VIOLET
BLUE VIOLET ^______—

Fig. 1. Mixture of three primary colors to produce white light

The greatest difficulty which Maxwell encountered was the lack

of sensitiveness to red and green which was shown by the photographic
materials which were at his disposal. Maxwell had to use wet col-

lodion, and wet collodion is scarcely sensitive at all to green or to

red light, so that he had great difficulty in obtaining records through
the red and green filters. In fact, he states in his lecture that this is the
cause of the unsatisfactory result which he was able to throw upon
the screen. When the gelatine-bromide process was discovered, the
sensitiveness of the emulsion produced by it was still confined to the
blue-violet and ultra-violet regions of the spectrum (Fig. 2), and
sensitiveness to the green and red was not obtained until Vogel, in

1873, discovered when working with collodion emulsion that if he
added to the emulsion some dye (Vogel used eosine), it became
sensitive to the yellow-green region of the spectrum which is ab-

sorbed by the eosine dye (Fig. 3). Emulsions sensitized in this way
are called orthochromatic. Within the last fifteen or twenty years,

however, new sensitizers have been discovered, chiefly by Dr. Konig
of the Hoeschst Dye Works, and these sensitizers make the emulsion
sensitive to the entire spectrum, so that emulsions sensitized with

them are termed panchromatic (Fig. 4) . By the use of the best of these

sensitizers, photographs can be taken through red or green filters

almost as easily as they can be taken without a filter, although the

filters increase the exposure required, about ten times the exposure
without a filter being required.

Aside from improvements in the emulsion, great improvements
in the filters have been made since Maxwell's time. Instead of glass-

walled tanks filled with solution such as Maxwell used, it is now pos-

sible to obtain color filters consisting of dyed gelatine cemented
between pieces of glass, which are not only more convenient to use

but which also give better results than the solutions which Maxwell
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had at his disposal. It is the improvement in the sensitizing of the

plates and films and in the making of the filters which has made all

improvements in color photography possible.

Fig. 2. Spectrum of ordinary plate

Fig. 3. Spectrum of ortho plate

i^iiilllillllil!

Fig. 4. Spectrum of panchromatic plate

The method of obtaining color photographs by taking three

negatives through three color filters, making from them three posi-

tives, and then projecting them again through filters similar to those

through which they were taken has been utilized by many inventors

since the time of Maxwell. F. E. Ives was the first worker to obtain

first-class results by this process. He made three negatives on one
plate in a repeating back, side by side, carrying the filters in front of the

plate. A positive printed from this triple negative was then pro-

jected in a special triple projection lantern arranged so that the three

images could be made to coincide upon the screen (Figs. 5 and 6).

With this apparatus very beautiful results were produced by Ives,

who also designed a number of special cameras for the purpose of
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taking the three records simultaneously. Professor Miethe in Ber-

lin has again exploited this process. He used a triple projection

lantern consisting essentially of three lanterns, one over the other,

Fig. 5. Ives' Triple Projection Lantern

Fig. 6. Diagram showing interior design

like an old-fashioned triple lantern, the negatives being taken on one

plate which was allowed to fall in a repeating back so that the nega-

tives were one over the other (Figs. 7 and 8), and from this plate a

Fig. 7. Miethe Three-Color
Taking Camera

Fig. 8. Miethe^Three-Color
ProjectionCamera
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positive was printed which was put into the projection lantern.

Lastly, Gaumont has used the process for three-color moving pic-

tures, making the pictures very small, so that three pictures fall into

the space of two ordinary cine pictures, and projecting them through
a very ingenious triple lens.

The greatest objection to this process was that the pictures

could only be seen when projected by a rather elaborate lantern.

In order to overcome this objection, Ives designed his chromoscope,
in which the three positives are placed over filters and their images
are superimposed by means of mirrors so that the three pictures can
be observed simultaneously. This very ingenious apparatus is shown
in Fig. 9. Most people, however, want pictures to put either on the

Fig. 9. Ives' Chromoscope

walls of their rooms as prints or in such a form that they can hold
them in their hands and examine them, so that the efforts of inven-

tors in color photography have been directed towards getting some
form of color photography which could be seen apart from a projec-

tion lantern.

Ducos du Hauron. In 1869 there was published a very wonder-
ful little book called "La Photographie des Couleurs," by a French-
man, Ducos du Hauron, and in this book Du Hauron outlined

almost all the possible processes of color photography which have
since been worked out. One of these processes is that which has
since become of practical importance and which is known as the
screen-plate process. What Du Hauron suggested was that we might
cover the surface of a glass plate or film with tiny filters—red,

green, and blue—and then coat on the top of this the color-sensitive

emulsion and photograph through the color filters so that the image
is cut up into a lot of little sections, each bit of which is taken through
one of the three filters.

Joly. The problem in working this out in practice was to

make the plate with the filters. This may be done by ruling lines by
means of a pen containing colored ink. The first attempt to do
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this with fine lines was made by Professor Joly at Dublin in 1894,
who ruled alternate lines of red, green, and blue-violet on a glass plate
by means of a ruling machine, and then registered with this glass
plate the necessary plates on which the image was made, making a
lantern-slide from the negative so obtained and again registering the
lantern-slide with the screen, as he called it, to obtain the colors

(Fig. 10). Joly was quite successful in getting good results, although
his lines always showed somewhat.

Fig. 10

Following Joly many other attempts have been made to prepare
screen-plates which might be commercially applied to the produc-
tion of photographs in color.

A great many of these attempts stopped, so far as public records

are concerned, at the stage where they were patented; others have
progressed to the point where they were publicly announced as being
ready for the market; still others have actually been sold, while a
few, a very few, have been sufficiently successful to be made for a
considerable period.

Limitations of Screen-Plate Process. Beautiful as are the results

obtained by the best of the screen-plate processes, and notably by
the Lumiere Autochrome plate, these processes have some very
marked limitations, especially when applied to portraiture. In
order to get sufficient resolving power with reasonably fine units in

the screen, the emulsion has to be coated so thinly that the range of

gradation which it can render is very limited, and only under the
most favorable circumstances is it possible for a screen-plate color

picture to reproduce the gradation both in the highlights and in

the shadows, so that if a photographer wishes to employ this process,

which is by far the most easily worked color process, he must limit

himself to the subjects for which the process is suitable. Moreover,
the pictures produced involve a great loss of light, so that they can
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be seen only with a very powerful light behind them, and inasmuch
as they are made by daylight, they should be viewed by light similar

to daylight, the results by artificial light being unsatisfactorly.

A method of color photography which was also suggested by
Du Hauron, and which has great advantages in some respects, is that
which is known as the subtractive process; indeed, it is convenient
to divide the processes of color photography into the additive proc-
esses and the subtractive processes.

Additive and Subtractive Processes. When a color picture is

projected on the screen by means of a three-color projection lantern,
one image will be projected in green light, one in red light and one
in blue light, the three-color pictures made in this way by adding
three different lights being said to be made by the additive process.
Suppose, now, that over a sheet of yellow gelatine, which will absorb
the blue light, is put a sheet of magenta gelatine, which will absorb
the green light; then, since the yellow absorbs the blue light, and the
magenta the green light, only the red light is transmitted, a red
image can thus be obtained either by projecting it through a red filter

or by putting a magenta image on the top of a yellow one. In the
same way a green image can be obtained by putting a blue-green
one on the top of a yellow one, when the yellow will cut the blue out
of the blue-green and leave only green (Fig. 11). On this principle
is based the subtractive process.

I I I I I I I I MAGENTA OR MINUS GREEN LAYER WHICH ABSORBS
I I H 11 1 1 GREEN LIGHT

q YELLOW OR MINUS BLUE LAYER WHICH ABSORBS
3 BLUE LIGHT

71 BLUE GREEN OR MINUS RED LAYER WHICH ABSORBS
-J RED UGHT

WHITE LliHT

UJ

MAGENTA BLUE BLACK RED YELLOW GREEN BLUEGREENj

LIGHT LIGHT LIGHT LIGHT LIGHT LIGHT

Fig. 11. Diagram showing rendering of colors by the Three-Color Subtractive
Process
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In working the subtractive process, the green negatives are taken
just as for the additive process, and then positives are printed in some
way which enables them to be made colored, the commonest being

to make them by dyeing gelatine. If gelatine is soaked in bichromate
of potash and then exposed to light, it becomes insoluble in hot
water where the light has acted upon it, so that if a sheet of film

coated with gelatine containing bichromate of potash be exposed un-
der a negative, and then washed in hot water, the gelatine will be
left in its full thickness where the light has acted strongly upon it,

and washed right away where the negative has prevented the light

acting, so that the picture will be represented in thickness of gelatine.

If this is ordinary gelatine, the picture will scarcely be visible,

because the gelatine is so transparent that the difference in its

thickness is imperceptible, but if it is soaked in a dye solution, the

gelatine will be colored according to its thickness, and the picture will

be represented by the varying depth of colored dye. By this process,

the three negatives can be printed in colored dye, the picture taken
through the red filter being printed on gelatine dyed blue-green,

the one taken through the green filter on gelatine dyed magenta,
and the one taken through the blue filter on gelatine that was dyed
yellow, and, now, if the three are cemented together in register, the

resulting transparent color picture will reproduce the colors of the

original subject, and will be a transparency which can be viewed in

the hand or examined in front of an artificial light or projected in a
lantern. This process gives very good results. It is a little difficult

to get the gradation of such a picture first-rate, and the registration

of the three different pictures is not very easy, but otherwise the

results are splendid; it is, however, not at all easy to work. The
making of the three different negatives itself offers difficulties, but
the printing and dyeing of the gelatine reliefs so as to get them all

printed alike and all developed to the same extent, are so difficult

that the process has not yet been a commercial success.

One simplification in color photography which has attracted a

great deal of attention and which promises good practical results is

the substitution of two colors for three by the use of an orange-red

and a blue-green in the place of the three primary colors. This
substitution can be performed either in the additive or in the sub-

tractive processes, and in one of the best known processes of cine-

matography two colors were used. In the Kinemacolor process, the

negatives were taken alternately through red and green filters, a

rotating filter being used in front of the lens, and the negatives taken
at twice the normal speed. When the positive was projected a similar

rotating filter having red, orange, and blue-green sectors was rotated

so that the pictures taken through the red filter were projected

through the red filter and those taken through the green filter were
projected through the green filter.

An experiment showing the use of additive two-color filters can

easily be performed with a three-color projection lantern. The effect

of the addition of two colors to each other was analyzed some years

ago by Mr. L. A. Jones. He took the two filters and mixed them in

different proportions, thus, starting with the red filter, the mixture
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would be at first 100% red, and then increasing proportions of blue-

green were added until the moisture became 100% blue-green. The
percentage of white and the dominant hue of the mixture were
measured. The result is shown in Fig. 12 where it will be seen that

the dominant hue, that is, the curve marked B, remains fixed at

wave-length 625 until 60% of the blue-green has been added, and at

this point, the color was almost perfectly white, reading about 95%
white, and then the dominant hue changed suddenly to the color of

the blue-green filter, about 497, and the percentage of white again

decreased. This experiment shows that it is not possible with two
filters that are complementary or nearly complementary to show
colors that are of more than two dominant hues, the dominant hues

being those of the filters themselves.
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Fig. 12. Addition of red and blue-green different proportions

In order to produce intermediate hues, the two colors must not

be complementary; and thus by using a green filter instead of a

blue-green, a complete range of intermediate hues is obtained with

very low white, as is shown in Fig. 13, where the curve B shows the

w

1
v.

i 4

.

A a
i

-£.
—arr S0»

o 2o 10 to ao /»•

Composition of /lixtore (m%of*Sf)

Fig. 13. Addition of red and green in different proportions
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transition from the hue of the red filter, 625, to the hue of the green
filter, 547, the transition being continuous and the admixed white
varying continuously in the same way between the amount present

in the red and in the green filters.

Now, with the additive process it is essential that our filters

should be approximately complementary, because otherwise they
will not give white on the screen, and this condition that the two
colors should be complementary to one another makes it very
difficult to get a satisfactory range of intermediate hues. When
working the subtractive process, on the other hand, the whites are

got by the absence of any color at all, and blacks by both colors in

full strength, so that we can use colors which are not exactly comple-
mentary to each other, and the range of possible colors which can be
obtained is greatly extended. Since only two colors are used, it is

obvious that all colors cannot be correctly rendered, and in the two-
color subtractive process, the colors for which the process fails are

the blues, violets, magentas, and purples; light blues appear blue-

green, and true violets appear black; magentas appear pink; and
purples, brownish-red. Fig. 14. There is little differentiation

between the yellow-greens and the true greens. A buff or yellow
will appear light red, but the psychological effect of such a light

red under the conditions is so close to that of yellow that, as a matter
of fact, yellows appear to be satisfactorily rendered by the process.

Flesh tints of all kinds and all shades of red, orange, and most greens,

grays, and blacks are well rendered; as these are predominant in

portraits, the results are very satisfying for this class of work. Many
of the pictures appear to show blues fairly well, but this is because,

by contrast with green, blue-greens look blue, and especially by
artificial light the eye is accustomed not to expect very much of

blues.

Before passing on to a consideration of the application of color

photography in connection with motion picture work some mention
should be made on the importance of simplified processes such as the
two-color subtractive process in connection with clinical photography
and photomicrography. Since blues are almost absent in clinical

photography, the two-color process is quite satisfactory for the photog-
raphy of skin diseases or of pathological and anatomical sections, and
lantern slides made in this way are far more effective for teaching

purposes than the same subjects reproduced in black and white only.

In the case of microscopic specimens, most sections to be dealt

with are stained in not more than two colors, and very good results

can be obtained by making two-color lantern slides. The method
of work is to choose special filters according to the specimen, each of

which absorbs one of the colors as much as possible and transmits

the other, the two filters being necessarily complementary to the
stains used, and from the two negatives made through the filters,

prints are made either by the bleaching and dyeing process, already

described, or in bichromated gelatine.

Thus, suppose a section is stained red and green. Make two
negatives on panchromatic plates, one with a red filter, which will

cause the green to appear clear in the negative and will not record
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the red, and the other with a green filter which will cause the red to

record and not the green. Then make prints from these in tri-

chromated gelatine, staining the print from the red negative with
the original green stain and then that from the green negative with
the original red stain and superpose the prints. It will be found that
lantern slides made in this way will reproduce the original appearance
of the slide in a most satisfactory manner.

COLORS

REPRODUCTION

... BY

TWO COLOR PROCESS

BUCK BUCK

PURPLE BROWN

BLUE BLUE GREEN

BLUE GREEN BLUE GREEN

EMERALD GREEN GREEN

YELLOW GREEN
VERY LIGHT

GREEN

BUFF
EXTREMELY

LIGHT RED

YELLOW
VERY

LIGHT RED

ORANGE LIGHT RED

RED RED

Fig. 14. Chart showing rendering of colors by the Two-Color Process

The choice of filters is, of course, of critical importance, and this
is best decided by visual trial under the microscope, the filters

chosen being those which most nearly absorb the color to be photo-
graphed: Photographing a section stained with Delafield's Hema-
toxylin and Precipitated Eosine, the A filter shows no trace of the
Eosine and gives a good strong negative of the Hematoxylin. The
B and C filters together record the Eosine and Hematoxylin both
fully, and when the positives are made and stained with a blue dye
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and a red dye, the resulting slide will be excellent. For photographing
Methylene blue and Eosine, the F Filter and B and C together give

good results. With Basic Fuchsine and Aniline Blue, the A and C
filters are satisfactory.

Color Cinematography. The various processes of color photog-
raphy which have been described are all applicable to motion-picture
work, though owing to the long exposures required and the loss of

light by absorption, no practical process utilizing the principle of

the screen-plate for cinematography has as yet been developed.

The motion-picture processes are, however, like other processes of

color photography, divided clearly into additive and subtractive

processes, and, as in the case of the photography of stationary objects,

the additive processes developed first.

In the case of motion pictures, there are two methods of addi-

tive synthesis. Either one may project on the screen the three

pictures simultaneously, as is done in the triple projection lantern,

or the color units may be projected successively, relying upon per-

sistence of vision for the blending of colors.

Kinemacolor . The earliest practical cinematograph color proc-

ess was a two-color process utilizing persistence of vision for the

addition of the pictures. By means of a rotating disk (Fig. 15) of

color filters placed in front of the camera, pictures are taken on pan-
chromatic film alternately through a red and a green filter, the

pictures being taken at twice the normal speed, so that for each

complete picture two negatives are made, one through each filter.

The positives from these negatives are projected through a machine

Fig. 15. Color Filter Rotating Disk for Kinemacolor Camera

similarly equipped with a rotating shutter, which is made to operate

synchronously with the picture, so that the pictures taken through
the red filter are again projected through a red filter, and the green

pictures similarly through a green filter (Fig. 16). The succession of

red and green pictures upon the screen produces complete synthesis

by persistence of vision and gives the effect of a two-color additive

picture. This process is known as the Kinemacolor process and has

enjoyed a considerable success.
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At the present time, the greater number of processes of color

cinematography upon which work is being done, and by which the

film is being made for the market are two-color subtractive processes,

and in most of them the two images are on opposite sides of double-

coated film.

Kinemacolor Projecting Machine

In this, the dyeing depends upon the bleaching of the silver by
means of a bleaching bath which hardens the gelatine in the presence
of silver and thus enables the silver negative to be transformed
directly into a dyed positive, since an acid dye dyes the soft gelatine

preferentially and so dyed most strongly the gelatine where the least

silver was present.

Gaumont. The most complete and satisfactory process of color

cinematography is undoubtedly the simultaneous three-color addi-
tive process worked out in its complete form by Gaumont. Three
lenses are used in the camera and three pictures are taken through the
primary color filters upon the same strip of film. A normal motion
picture is 1 inch wide by % inch high and corresponds to four sprocket
holes in the film. The Gaumont pictures are three sprocket holes
instead of four for each color, so that the whole set of color pictures
corresponds to nine sprocket holes, and the film is two and a quarter
times the length of the standard film (Fig. 17). After each exposure,
the film is pulled down, therefore, the length of nine sprocket holes at
one time, and a new set of pictures is taken, sixteen pictures a second
being exposed j ust as normal pictures . The positives are proj ected in a
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machine fitted with a corresponding pull down and gate, and with
three condensers and three sets of objectives fitted with special

registering devices (Fig. 18). The results given by this process are

admirable, all colors, of course, being perfectly rendered and the
quality being in every way first class.
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Fig. 17. Set of Gaumont negatives and positives

In order to place color motion pictures upon a generally wide
spread commercial plane, it is clear that it is necessary to develop

the subtractive process and to take a film with its highlights quite

transparent so that ordinary projection intensities can be used and a

Fig. 18. Diagram of three lenses in Gaumont Camera
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film of standard size of perforation, so that it can be used in mono-
chrome film in standard projection machines.

The obvious method of making subtractive motion pictures would
be to make three negatives, and to superpose the negatives upon
each other in printing, recoating the film each time and using a dyed
bichromate process or a process in which the silver image is made to

mordant the dye and so is transformed into a color image. The
recoating and re-registering, however, present very great difficulties

in practice and would make the process very costly, and it appears

likely that the subtractive processes of color cinematography will

use only two printings; that is to say, they will be chiefly two-color

processes, and these two printings may be either in the one emulsion

layer, if this proves possible, or in two emulsion layers on opposite

sides of double-coated film, a method which appears at the present

time to offer considerable advantages in the direction of simplicity.

It is clear that since there are two sides to a film, it is possible to

coat an emulsion on each side of the film and to print the red image
on one side and the green on the other. This process has been
worked out to a practical end in several ways, some of the color

images being produced by the mordanting of a dye upon an image
obtained by the conversion of the silver into some suitable substance

or by the imbibition of a dye into the gelatine, or toning by
chemical means to colored images.

The negatives are taken in a camera in such a way that red and
green pictures are taken successively, one below the other (Fig. 19).

TWO COLOR
TAKING CAMERA

Fig. 19. Diagram showing principle of Two-Color Taking Camera

This may be done as in the Kinemacolor process, using a rotating
color filter, or in a camera fitted with some optical beam splitting

device enabling two images to be produced from one standpoint, the
disadvantage of this being the loss of light involved. From this strip

of negative film, a master positive is made, and this is then printed
by means of a special projection printer upon opposite sides of

double-coated film (Fig. 20). In this projection printer, the red posi-

tive is projected onto one side of the film and simultaneously the green
picture onto the other, the images being slightly displaced vertically
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so that they exactly register one on top of the other on opposite sides

of the film. The emulsions being exactly the same and the light

intensities the same, there is no difficulty in obtaining equal results

in the two pictures, and the strip is then developed and fixed for the
two pictures, and without further delay is passed into the bleach
bath, which bleaches the silver and locally hardens the gelatine

Fig. 20. Two-Color Projection Printer

where the silver was present. The silver is then fixed out, leaving a
clear coated gelatine strip of film bearing the images in the form of

hardened gelatine on both sides. The two sides are then dyed by
passing through a dyeing machine, the side containing the pictures

taken through the red filter being dyed blue-green and that through
the green filter, red. On viewing the film so prepared, a two-color

subtractive picture is seen, which, being on standard film, can be
run in any machine in the same way as black and white.

Factors in Color Cinematography. In considering processes for

cinematographic work the following points must be dealt with:

(1) Exposure necessary. (2) Quality in the negative. (3) The hand-
ling necessary for the production of the positive. (4) The type of

projection machine required. (5) The amount of current required for

light. (6) Definition. (7) The color rendering obtained.

1. Exposure Necessary. In the additive processes the most
advantageous position is held by the Gaumont process because in this

process the pictures are taken at normal speed, the filters can be
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made as light as is compatible with color rendering, and the whole
aperture of the lens can be utilized. In a number of patented methods
of taking the successive pictures, the light from the lens is split up
into several parts, so that two or three pictures are taken simul-

taneously through the one lens. Assuming that any such process is

perfect mechanically and optically, the loss of light entailed by
using only one lens for several pictures is a very serious objection.

In some cases where a complex reflecting system is used, it is probable

that the loss of light will be so great that the method will be quite

impracticable with any materials at present in sight.

When the pictures are taken successively through a single lens

instead of simultaneously through two or three lenses, we have the

disadvantage that the exposure must necessarily be shorter because

the two pictures must be taken in the same period as that in which
the one picture is taken in the other set. Sometimes an attempt is

made to lessen this disadvantage by using very light filters, somewhat
to the disadvantage of the resulting picture. Such light filters can-

not be recommended as they are invariably detrimental to the

color rendering.

The Exposure necessary for outdoor work may be worked out as

follows : The exposure necessary for the production of a fully exposed
picture under conditions of midsummer noonday lighting with an
aperture of /:3.5, which is the largest aperture generally used for

cinematographic work and negative film of the highest speed which
can consistently be made, is approximately l-300th of a second.

The best sensitizing which can be obtained at the present time
gives an increase of exposure through the red filter of six times. The
other filters can be adjusted to the red filter exposure. About l-50th

of a second is therefore the shortest exposure with which we may
hope to get fully exposed negatives, so that if we have a camera
taking fifteen pictures a second, we should have no difficulty in mak-
ing exposures in full summer sunlight in one-third of the time required

for the shift of each picture, thus enabling us to take, for instance,

two pictures in that time. It will be seen, however, that there is

not very much margin in exposure, and that we cannot expect to take
color photographs under other conditions than those of first-rate

outdoor lighting.

When we turn to stage work, the conditions are somewhat
different, because the amount of light which we can concentrate

on the stage is limited mainly by the amount of electricity we are

willing to use, though a second limitation must necessarily arise in

the inability of the actors to face the light of such powerful stages.

It may be reckoned that under the best conditions the light required

for color work is twice or three times that required for black-and-

white motion-picture photography. For color work, naturally, the
lamps must give white light, that is, they must be arcs or nitrogen

tungsten lamps, the use of mercury vapor lamps being impossible.

It may be considered that with suitably arranged stages the taking
of dramas by artificial light in color is entirely possible.

2. Quality in the Negative. In most additive and subtractive

processes the photographic quality of the resulting picture can
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theoretically be as good as black and white, and any falling off from
this standard is not due to inherent conditions but to insufficient

experience and perhaps to some extent to the difficulty in getting

sufficient exposure. With the additive processes, it should be
possible to get quality exactly corresponding to that obtained in

black-and-white photography, but in the subtractive processes

the color process does not necessarily reproduce exactly the scale of

rendering the negative, and in the development of a new process, a
careful investigation of the accuracy with which the process repro-

duces the scale is necessary.

3. Production of the Positive. The practical making of the
positives for projection in the additive processes presents little more
difficulty than black-and-white work. More attention to detail is

required, and a rather higher standard of regularity of quality must be
maintained, but the process does not involve any special difficulty.

When we turn to the subtractive processes, the handling is, of course,

the key to the whole matter. From every other point of view, these

processes are the most satisfactory, and the only thing that has
kept them back is the intrinsic difficulty of making the positives.

A detailed discussion of the difficulties of the subtractive processes

and of the methods by which they are overcome would occupy
too much space to be possible here.

4. Projection Machine. The additive processes require, of

course, their own special projector, the Kinemacolor machine having
rotary filters which can be thrown out of the way, thus making the
machine convertible to a black-and-white projector, while the Gau-
mont process requires a triple projection machine with registering

arrangement which cannot easily be converted into a black-and-
white machine. These special projecting machines are the great

disadvantage of the additive processes and will probably always
restrict their use.

5. Light Required for Projection. Both the Gaumont and the

Kinemacolor processes involve a considerable loss of light, so that

more current has to be used in projection. The absorption of the
Kinemacolor filters, which are as light as possible, is such that only
two-thirds of the incident light reaches the screen, and for equal

brightnesses two and a half times as much current must be used.

With the Gaumont process, the matter is somewhat worse, the
filters being not only slightly darker than the Kinemacolor filters,

but the blue representing the entire loss of one-third of the light,

since, while the blue filter contributes to the color of the scene, it

adds very little, indeed, to the total brightness.

The subtractive processes, having their highlights represented by
clear film, do not require any increase of current whatever, the
brightness being the same as for black and white. This is one of the
great advantages of the subtractive processes.

6. Definition. There seems to be no intrinsic reason why the
definition in the additive processes should not be as good as in black

and white. In the Kinemacolor process, at any rate, the definition

is as good, but in the Gaumont process the definition may be affected

to some extent by slight imperfections in register. The high aperture
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at which the lenses for these color processes have to be used, tends

to give a slight degradation of detail compared with the black-and-

white processes in which a smaller stop can be employed.
A question of similar nature to definition is that of register

between successive pictures. This arises in two different forms,

according to whether the pictures are taken simultaneously, as in the

Gaumont process, or serially, as in Kinemacolor. If they are taken
serially, then a quickly moving object will be in a different position

when a red negative is taken, from that which it occupied when the

green negative was taken, and it will present on the screen alternate

bands of red and green, this defect being apparent as a colored

striping of quickly moving objects. When the pictures are taken
simultaneously, as in the Gaumont process, then the red picture,

being taken from a slightly different standpoint than the green

picture, it will not be possible to register both the distance and the

near foreground together—a kind of defect which may be called

stereoparallax. It is partly in order to diminish this that specially

narrow pictures are used in the Gaumont process so that the taking

lenses can be placed nearer together. In the Gaumont process this

stereoparallax is diminished to a minimum by registering during
projection, so that the principal object is registered, the plane of

register being shifted as the subject may require. This defect can,

of course, be entirely removed by using one lens for taking the two
pictures, a result which can be accomplished in various ways. The
disadvantage of this is the loss of light, but it is by no means certain

that careful attention to the design of the lens system might not

enable a system to be made working at the equivalent of //14 and
free from stereoparallax.

7. The Color Rendering. Among all processes of color photog-
raphy, the rendering given by the three-color additive process is

supreme. Indeed, under favorable circumstances, the color rendering

by this process is almost perfect. The subtractive processes, even
the best three-color processes, do not give as good results as regards

rendering, as the additive processes, because no dyes can fulfil the

theoretical conditions as correctly as the projection filters can.

When we turn to the two-color process, as has been explained

previously, the position of the additive and subtractive processes in

regard to color rendering is reversed, and the color rendering obtain-

able by means of the two-color subtractive process is intermediate
between that of a three-color process and that of a two-color additive

process.

From this general discussion of the processes of color cinematog-
raphy, it will be seen that the additive processes, and especially

the three-color additive process, while able to give photographic
quality and color rendering superior to the subtractive processes,

seem to have a somewhat limited field owing to the necessity for the

use of a special projecting machine. These are likely to survive for

the very best three-color work.
For the wide field of general moving picture work, it is probable

that a two-color subtractive process having the color in the film so

that it can be used in any projector without increase of light must
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prove the most suitable, and that in all probability this process will

be one having the two colors on opposite sides of double-coated film.

It will be clear that we are still far from the ideal process, in

which the negative is taken upon a single sensitive material without
the interposition of separate filters, and from this negative prints are

made either in the form of transparencies or upon paper, the prints

being permanent, bright, transparent, and containing in themselves
a perfect reproduction of the colors of the original, approaching at

least in accuracy that obtained in a black-and-white print. No
process at present in sight, approaches these requirements, but it

does not follow that it is impossible to work out such a process,

and it may be that at some time in the future we may hope to have
color photography available in a form as simple as modern pho-
tography in monochrome.
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STUDIO LIGHTING FROM THE STANDPOINT OF THE
PHOTOGRAPHIC DIRECTOR

By Alvin Wyckoff

I
EXTEND greetings and regret my inability to be among you
at your gathering in Boston. Could I be with you I would
undoubtedly talk along different lines than will be expressed here-

with. However, I am going to endeavor to call your attention to the

much needed improvement necessary to lighting equipment as

used today in motion picture studios for photographic purposes.

I do not think improvements along this line have kept pace with
the business. I am using practically the same illuminant I used
fifteen years ago, i.e., the Cooper Hewitt tube and the Electric Arc.

For general purposes the Cooper Hewitt tube has not been surpassed,

and for general lighting it is still supreme, but when it is necessary to

produce sharp or soft highlights we are compelled to use the arc.

On outside location work we must resort to the arc entirely as the
Cooper Hewitt cannot yet be satisfactorily transported and set up
quickly. My question is: Why can not a light be invented that

will burn constantly, as the Cooper Hewitt, that can be used in place

of the arc and take up no more room; a fight that does not require

the constant attention of an experienced operator; a light so powerful
and compact that it can be put behind a chair or table to light up
some dark corner, if necessary. The average studio set requires about
twelve single spots and possibly six double Kleiglights. This equip-

ment requires not less than nine men to handle it and they must be
experienced electricians. In addition to this, we might have several

banks of Cooper Hewitt which burn constantly and need no atten-

tion except when being moved; while arc lights are on and out, while
carbons are being trimmed as bad carbons cause flicker, etc. What
we need is a good constant compact light which we can use in single

units when wanted or combined in banks for broad effects; either on
the floor, on the wall or overhead, or in any position it may be
necessary to place them, and this light must be so constructed that
it will not be injurious to the eye or skin.

When such a light is found its demand will be enormous, almost
regardless of price, for it is something that must ultimately come
and which will soon pay for itself through saving in labor.

The next improvement I find necessary is in the printing ma-
chine. It has not stayed with us in the progress that has been made.
True we have several good step printers and one continuous printer

on the market, but to my mind they are antique. What we need
today and what is going to be the ultimate method of printing is
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through projection. Our printers should be even more flexible than
our cameras. We should be able to do with our printing machine
even more than we can do with our camera. It should be so flexible

that we can take any part of our positive and make a new negative,

that will enable us to do trick work that as yet has not been seen.

Not only in trick work would this machine be invaluable, but it

would save its cost several times at the end of a production by
preventing the calling back of high salaried stars for possibly a few
necessary close-ups, fade-in and fade-out ends, that could not be
foreseen at the time of making picture, etc.

There is nothing of this kind as yet on the market and when
the right kind of a machine is finally made it must be done under
the direction of a competent photographer who will understand in

what manner it is to function. The market is ready for it and the
demand will be good, because it will create competition and every
company in the manufactury of motion pictures will necessarily

have to install such equipment.
I would like to see someone endeavor to create improvements

along these lines and to this end I will always be most willing to

assist in any manner of suggestion that will be of any assistance to

him who attempts to create the perfection of such equipment, and
I am sure I can offer any facilities of the Famous Players Lasky
Studios in Hollywood for experimental purposes.
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DISCUSSION

Mr. Cook: Just as a matter of possible interest to Mr. Wyckoff,

and any other members who have a similar problem, I may say that

the safety standard interests have built a number of optical printing

machines. The necessity of the industry required an optical printer

for making direct reduction prints from professional standard nega-

tives. These printers, if made with a sufficient focal adjustment are

very convenient enlargers as well as reducers, and in one laboratory

that I know of, we have done just what Mr. Wyckoff is desirous of

having made possible. That is, we have enlarged a section of pro-

fessional standard negative of a surgical operation, in which the

camera was necessarily placed at some distance from the operation,

and the field of the operation correspondingly limited in the negative.

For clinical purposes, it was desired to make a close-up, or to enlarge

that portion of the negative for closer study and analysis. In an
optical printer it was very easy to take that negative (requesting

the producer to outline in pencil that portion of the negative which
he wished enlarged) and then by properly focusing the optical

printer, that portion was enlarged to the full size of the frame.

The result was a beautiful print for clinical study, in which the

operation itself filled the full size of the screen and all the technique

could be very easily followed. It might be mentioned that there are

a number of laboratories now equipped with optical printers that are

capable of doing this, and possibly Mr. Wyckoff, reading the discus-

sion in the Transactions, will be interested to know that it is already

possible.

Mr. Jones : I should like to ask if this printer is on the market?
Is it built commercially?

Mr. Cook: Mr. Victor built twelve of them, which are dis-

tributed among different laboratories over the country. Inquiry
addressed to Mr. Victor might bring an affirmative reply.
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COLOR TONING OF CINE FILMS

By F. E. Ives

NATURAL color cinematography is au fait accompli, and will

develop great importance, but inherent limitations and in-

creased cost as compared with the monochrome will for a long
time to come limit its use. Color toning and tinting on the other hand
need add very little to the cost, and if skillfully applied adds much
to the beauty and realism of the average production which the
absence of all color would make monotonous to the eye.

The element of cost is of such importance, I was told in one of

the larger Hollywood studios, that their efficiency experts would
permit a limited amount of tinting, but prohibit the use of the
more costly chemical toning processes. The object of my presence
here is to bring to your attention a new method by which color

toning is possible with unlimited choice of hues and perfect control

of depth of tone or color, at a negligible cost.

In brief, it consists in immersing the black-and-white positive

film for five minutes in a preparing bath which costs less than a cent a
gallon, then from ten to thirty minutes in a dye bath which is also

very cheap, and finishing by washing, in most cases for not more
than ten minutes.

The preparing bath consists of 20 grains of potassium ferricy-

anide, 4 grains of ammonium bichromate and 8 minims of sulphuric

acid, in each gallon of water. Unlike the chemical toning solutions,

this solution keeps indefinitely except as exhausted by use, and it

can be brought to full strength again in. a minute by adding a little

concentrated solution.

This bath, if allowed to act sufficiently long, say two hours, would
convert the metallic silver image entirely into silver ferricyanide,

which as produced in an acid solution is the most powerful mordant
I know of for basic dyes; but for dye toning it suffices to immerse
for five minutes, producing no visible change in the silver image. I

prefer to immerse the positive dry, but they may be immersed wet
with the precaution to keep them moving in the solution to displace

and even rapidly the water in the film. No washing is necessary

before transferring to the dye bath, but I recommend a quick rinsing.

The dyes which I recommend are malachite green, Victoria green,

rhodamine, auramine and chrysoidine. Baths may be made up as

follows

:

Water, 1 gallon, Malachite Green 16 grains, glacial acetic acid, 1 oz.
" " " Victoria Green 16 " " " " l l/2 "

" " " Rhodamine, 32 " " " " 1 "
" " " Auramine, 64 " " " " 1 "
" " " Chrysoidine, 32 " " " " IV2 "
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These dye baths can be mixed in any desired proportions to

produce other hues; thus, auramine and chrysoidine for sunlight and
gaslight effects, according to relative proportions and depth of

toning, and if not washed too clear after dyeing, they add a tint

to the tone. Malachite or Victoria green with rhodamine makes
dull blues, suitable for night effects. Auramine with a little Victoria

blue makes greens, from dull sage green to bright grass green, accord-

ing to proportions and depth of toning. A variety of fine brown and
sepia tones are produced by light toning with suitable mixtures, of

auramine, chrysoidine and rhodamine. For more brilliant coloring,

leave the positives longer in the preparing bath or longer in the dye
bath, or both. I have produced some good double-tone effects,

but this application requires further working out before publication.

It is important to dissolve the dyes completely, and it usually

takes hours, with frequent stirring to do so unless hot water is used.

Certain other precautions must be taken. The presence of a very
small amount of hypo may prove disastrous; positives must be
thoroughly washed before the preparing bath, and never touched with
fingers wet with hypo. Chlorides, ardmides and alkalies are also

contra-indicated. These precautions involve no hardship, and the
unrivalled economy and adaptability of the process promise to make
it supersede all other methods of cine positive toning. The colors

obtained are quite permanent, and the surface does not dry matts,
as with copper toning. Unlike positives dyed on other mordants,
the effect upon the screen is exactly what it is to the eye when the
positives are held in the hand.
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NOTE ON NEW CONTINUOUS PROJECTOR

By Frank N. Stewart

MR PRESIDENT and Gentlemen: I am going to describe to you
briefly the result of the work that has covered a period of about
ten or eleven years on the part of Mr. S. Bardy, the inventor

and patentee of a moving picture machine. This machine has for its

principle a continuously moving film, with a sprocket which carries

the film an integral part of the disc shaft upon which the lens or

rectifying elements, if you will, are mounted at right angles to the
plane of the said disc. The light source is in the usual place, the light

going through the film, and through the objective lens, and the motion
of the film downward through the machine is constantly kept in proper
position on the screen by means of this rectifying lens, which we have
made at the present time in segments, which are mounted on the outer

periphery of this disc. We have done a great deal of work in this

connection, covering a considerable period of time, and have projected

a picture on the screen that is very satisfactory. There is no transi-

tion apparent. I have not made any photometric measurements of

any variation caused by the prism influences of the light, but from
direct observation there is no flicker at all, either with the film or

without the film. I have not prepared any slides or have I any data
sheet to put before you, but I merely wish to say there is a machine
of that type, and we are going ahead and making our plans to manu-
facture the machines and put them on the market. I thank you.
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DISCUSSION

Mr. Richardson: I should like to say, in justice to Mr. Stewart
and his colleagues, that Mr. Stewart came to New York some time
ago and asked me to go to Philadelphia and examine this projector,

and I told him I would not unless I could see the picture projected on
the screen. He offered to do that and I still hesitated. I have been
to see many of these things in the past in various places and had never
yet found anything worth while. They offered to pay my expenses
if I would go to Philadelphia. I concluded from that that they must at

least have something so I made the trip, looked it over, and was truly

surprised. Afterward they brought the projector to New York City
and I again witnessed a projection, using a perfect film. I will not
take further time to say that for the first time I saw what I would
call a clean and acceptable picture projected by a continuously run-
ning film. Another important item is that these gentlemen have never
indulged in hot air; they have talked sound sense all the time, and
whatever minor defects there were, were to be expected, because the
projector was entirely handmade. I think they have a sound propo-
sition. I think that with the inaccuracies in the projector itself

removed, we would have a picture fully equal to any picture that an
intermittent projector can project at this time. Whether the pro-

jector can be made commercially or not, I do not know; personally,

I doubt it. They say it can be done, but of course, that is up to them.
Mr. Stewart: In regard to the manufacture of the machines,

I have discussed the important points relative to the manufacture of

these glass sectors with responsible and reputable manufacturers
who assure me that there is no difficulty at all in producing sectors

such as we want made, and we are going ahead and having the appa-
ratus necessary to turn out the sectors made and the machine is going
to be put on the market.
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COMMITTEE REPORTS

REPORT OF CAMERA COMMITTEE

YOUR Committee has had for consideration but one question of

standardization, since the last Fall meeting at Buffalo: this

had to do with the proposal for standardizing the dimensions
of the core for negative raw stock.

The principal dimensions which were recommended are as

follows

:

Outside Diameter: 1 29/32";
Spindle Hole: 21/64";
Slot: M";
Flat on core Outside Diameter, at center: 1 7/8".

The matter was referred to, and is now in the hands of the
Standards Committee, for investigation and action.

Proposed Standardizing of Speed Markings of Photographic Lenses:

Because of the difficulties which have been experienced in the

past in obtaining uniformity of results in the use of present-day "F"
values indicated on the principal makes of photographic lenses, a
communication was addressed to the Bureau of Standards, Washing-
ton, D.C., calling attention to existing irregularities and suggesting

that the Department assign someone to the task of studying the
matter for the purpose of evolving some standard.

Some of the irregularities pointed out were

:

(1) None of the lens makers in this or foreign countries

have adopted uniform values corresponding with the "F"
number used; that is, no two lenses of the same focal length

will furnish the same efficiency at a given diaphragm opening;

(2) The above is true even of any two lenses made by the
same manufacturer;

(3) It is also true that no uniformity exists in the values
indicated on lenses of various foci; for example: a 50 m/m lens

working at F-5.6 seldom produces the same efficiency of a 75
m/m lens working at the same speed—with light conditions

and other factors being equal for the test.

A reply, received from Mr. F. C. Brown, Acting Director, is

suggestive of co-operation which might be anticipated from the
Bureau. In part his letter reads

:

"2. As you know, the efficiency of a photographic lens in

transmitting light to the film depends upon at least three factors.

The F-number, the amount of light lost by reflection at the vari-

ous surfaces, and the loss of light by absorption. Of these three,

the first is generally considered to be the most significant. The

164



absorption of the lens, however, probably cannot be ignored and
certainly cannot be neglected if the balsam used in cementing
the elements has not been carefully bleached since the slightest

yellow color robs the light of a great deal of its actinic power.
It is suspected that in cases not only has one neglected the
effects of absorption and reflection but lenses have been marketed
which were erroneously marked as regards F-number.

3. In view of this, it is believed to be well worth while
that a study be made of some of the principal lenses in order to

determine their actual efficiency in transmitting the light to the
film.

4. We thank you for calling our attention to this matter
and wish to feel free to call upon you for suggestions as the work
progresses."

It is possible that the foregoing matter might properly be
referred at this time to our Standards Committee, for further action,

or to the Optics Committee, for co-operation with the Bureau of

Standards. The problem is manifestly not one for the Camera Com-
mittee, which is interested only in the results which the lenses

furnish.

J. H. McNabb, Chairman

165



REPORT OF THE COMMITTEE ON FILMS AND EMULSIONS

THE board of Governors on December 9th, 1921, submitted to

this Committee several items upon which they desired us to

investigate and report.

The investigations called for are

:

First: Report on inflammable and non-inflammable film stock.

Second: Methods of preparing and cutting film.

Third: Possibility of standardizing the printing of motion picture

film.

Fourth: Effect of different wave lengths of light on various emul-
sions.

Fifth: Storage and preservation of negative.

Sixth: Investigations of different color processes.

In some respects this line of work would require an appropriation
and the establishment of a research laboratory. That, of course, is

not possible at this time and we are, therefore, dependent upon
manufacturing companies in this field to voluntarily make the
investigations. If the particular firms are interested in these subjects

they will, of course, permit their experts to spend the requisite time
and money. It seems, however, that the best we can hope to do,

for the moment, is simply gather together available data and collate

it as it is distributed.

Inflammable and Non-inflammable Film Stock

The inflammable stock is usually spoken of as nitrate base, while

the non-inflammable stock is usually spoken of as acetate base.

Cost: Present cost to consumers of positive film of domestic
manufacture, 1 3/8" wide, having a cellulose nitrate base, is 2J^c
per foot, unperforated.

Acetate cellulose positive of domestic manufacture, 1 3/8"
wide, is 3c net per foot, unperforated.

Acetate cellulose positive of domestic manufacture, 1 1/10"

wide, is 2J^ Q per foot, perforated (Eastman perforation).

Durability : Under similar conditions of use, acetate positive film

has approximately 85-90%, the physical properties of the nitrate base

being positive.

Shrinkage : At the time of printing, the wetting of the two bases

shows that the acetate base shrinks or expands more readily than the

nitrate, but in practice this has not caused any difficulty in the

handling of the material.

Ability to take Dyes: In practice the base is very seldom dyed.

It is assumed that the Board here intended to refer to the emulsion.

The emulsion on either stock is the same and its ability to be handled

for color work is the same in either case.
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Transparency : Approximately the same. Any difference would
be slightly in favor of the nitrate base.

Possibility of Standardizing the Printing of Motion Picture Film

Mr. Story of the Optics Committee wrote a letter to the Chair-

man on January 7th on this subject, which letter was copied and
sent to the Members of the Committee.

Mr. A. B. Hitchins and Mr. W. R. Rothacker both wrote that
they would take up the investigation of this line of work, Mr.
Rothacker stating that he would have Mr. Aller of their California

laboratory work directly with Mr. Story. Mr. Hitchins met the
Chairman in New York on February 7th, at which time he said

that he had heard from Mr. Story and would take the matter up
directly with him. On April 6th Dr. Story wrote as follows:

"The only work that has been done, as far as I know, is a paper
read before the Allied Film Laboratories Association on this subject,

in an effort to interest them sufficiently to make some experiments
on their own account, either individually or as a society. As far as

I have heard, this has not been done up to the present."

Both Mr. Blair and the writer, however, feel that the efforts in

this direction will not be productive of any immediate commercial
advantage. It would seem that it would first be necessary to stand-
ardize the theatres of the world and, that we know, is almost an
impossibility. We can take an average screen illumination and
determine the type of positive, that would be suitable for the greatest

number of a committee, arbitrarily set that density as a standard
and then urge theatres to provide screen illumination suitable for

that type of positive. The human element is an important factor

again at that stage, for what will suit one, will not suit another.
Mr. Rothacker submitted a paper on April 29th from which

the following is summarized:
"Literal density standardization of all prints finding their way

on to the theatre screens probably never will become a fact.

"To standardize the density of positive films and to bring about
a uniform result on the screen it is not only necessary to standardize
density in the laboratory. Of vital importance is the element of

projection. As a matter of fact, even if the density of the print were
regulated to a mathematical 100% perfection, all of the beneficial

results obtained through careful laboratory work would be lost in

the projection booth, unless we have standardized projection to back
up standardized print density.

"So, to summarize, while a great stride toward standardization
of print density can be made directly through the laboratory, yet
the fact remains that proper standardization is dependent upon the
strength of the chain between the Eastman Kodak Company and
the eyes of the audience, which chain is comprised of these links:

raw stock, negative exposure, negative developing, proper printing,

proper exchange processing, proper projection with standardized
throw, light and screen—and, after all, a chain is no stronger than
its weakest link."

No formal action has been taken by the Committee and nothing
further will be done, unless there is a call for it.
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Storage and Preservation of Negatives

The Motion Picture News of February 18th, 1922, asks the fol-

lowing two questions:

First: Can negative be preserved for future generations and is it

being preserved?
Second: How long can negative be preserved so that prints can

be made from it?

Mr. Blair of this Committee has prepared a paper on this subject
Which was read to you yesterday. Information of this sort is of great-

est importance.
The British Journal of Photography, February 17th, 1922, refers

to the fact that

"The first photographs deserving the name, that is to say, the
first images of outdoor scenes obtained by means of a camera fitted

with a lens, and of a degree of permanency such that subsequent
action of light did not affect them, are certainly the images on
metal, glass and paper rendered sensitive with bitumen of Judae
which were obtained by J. Nice'phore Nie'pce in the years 1822-

1824, subsequent to Nie'pce's earlier experiments in the reproduction
of engravings. Following the suggestion made some months ago
by the "Revue Francaise de Photographie," the French Photographic
Society, in conjunction with the various professional associations,

has formed a committee for the commemoration of the centenary
of this discovery, and has fixed the year 1924 as the most appro-
priate time for the celebration."

The Chambre Syndicale Francaise de la Cine'matographie, has
recently taken the initiative towards the establishment of a museum
of cinematography. The French museum, however, is interested in

the preservation of machinery and equipment.
The writer some time ago thought the idea of preserving exam-

ples of plates and films used in both colors, black and white
cinematography would prove of future value, not only to our Society

but to future generations. We, accordingly, have written various
members of our organizations and we are promised various speci-

mens.
I have here the first step in this direction and the earliest cine-

matographic films that I have are several of the Biograph films made
in 1896. I will not attempt to list even this beginning of the collec-

tion, as already it is taking on quite some proportions.

Mr. John Powrie, who has been co-worker with Miss Warner for

many years, is preparing a collection for the Smithsonian Institute

and he is using his best efforts to have Miss Warner prepare us a
collection.

Have heard from Mr. Ives and he will undoubtedly supply us
with samples of work, other than those which I already have.

Mr. Murphy of this Committee is preparing some of the very ear-

liest standard width motion picture films and he has agreed to

add to the collection.

From the opening paragraph of this communication you will

note that 1924 is the one hundredth anniversary of the first photo-

graph made with a lens, while the first cinematographic films are
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probably not over thirty years old. The industry, even as a whole,
is not so very old and it seems to be a good time to begin gathering
together specimens which otherwise will be lost. These specimens
are mounted in books which is not really the very best manner of

preservation, in order to determine the life of films and plates. It

would prove valuable if films of 1895-96 vintage were thoroughly
washed, placed in a hermetically sealed box and stored away. The
reels should be filed away separately, so that only one need be
opened at a time, say over a period of 50 to 100 years each, so that
those opening the box at that time would know that the film they
opened was in good condition and that the others would be also

and could be left sealed for another 50 to 100 years. In that way,
our grandchildren can determine whether the films that they are
making can be successfully preserved for the future.

Color Processes

It did not seem necessary to delve into this subject for this

session, inasmuch as Mr. W. F. Little, Chairman of the Committee
on Progress, has been gathering data of this sort and we have com-
municated to him such information as we had.

Wm. V. D. Kelley, Chairman

169



REPORT OF THE NOMENCLATURE COMMITTEE

THE report of the Nomenclature Committee consisted in calling

the attention of the meeting to the report as it appeared in the
Buffalo Transactions and on motion duly made, seconded and

passed, the definitions appearing on page 162 of the Buffalo Transac-
tions were, with the exception of that applying to the word "pro-
jector," added to the approved list of Nomenclature.

The recommendation of the Nomenclature Committee which
appears under the title "Special Report Nomenclature Committee"
in the Transactions of the Buffalo meeting was considered, and on
motion was laid on the table for later consideration.

C. Francis Jenkins,
Chairman , Nomenclature Committee

MOTION PICTURE NOMENCLATURE
Society of Motion Picture Engineers

Definitions adopted by the Society of Motion Picture Engineers

at its Boston, Massachusetts meeting, May 1-4, 1922:

Equivalent Focal Length—The equivalent focal length of a
combination of lenses is equal to the focal length of a simple
thin lens which will give an image of a distant object of the same
size as does the combination lenses.

Lantern Picture—A still picture projected on the screen by a
stereopticon.

Lantern Slide (Stereo Slide)—A transparent picture for projection

by a stereopticon.

Retake—A second photograph of a scene.

Split Reel—A reel of film of two (or more) parts, the subject of each
part unrelated to the subject of the other part.

By action of the Society the following definitions were proposed for

consideration:

Motion Picture Projector—A device for suitable projecting mo-
tion pictures.

Projectionist—The man who projects motion pictures profession-

ally.

170



REPORT OF COMMITTEE ON PROGRESS

THE Chairman of the Committee on Progress of the Society of

Motion Picture Engineers, desires to take this opportunity to

present before the Society a summary of the progress during

the past six months as reported through members of this Committee
who are Chairman of the Standard Committees. This report is

presented with a feeling of apology as to its meager contents. The
Chairman would say, however, that many new and interesting

developments have been confidentially reported from time to time
under the stipulation that such data must under no consideration

be placed in a report. In other words, the only information avail-

able to this Committee seems to be that which has been previously

broadcasted through other mediums. If this feature is clearly

understood the apology should be more courteously accepted.

In answer to a communication addressed to Mr. Will H. Hays,
President of the Motion Picture Distributors and Producers of

America, Inc., the following statements were received.

MOTION PICTURE PRODUCERS AND DISTRIBUTORS
OF AMERICA, INC.

By Will H. Hays

"The motion picture industry accepts the challenge in the
demand of the American public for the highest quality of art and
interest in its entertainment.

"The industry accepts the challenge in the demand of the Ameri-
can youth that its pictures shall give to them the right kind of

entertainment and instruction.

"We accept the challenge in the demand of the American mother
that the entertainment and amusement of that youth be worthy
of their value as the most potent factor in the country's future.

"By our opportunities our responsibilities are measured. From
him to whom much is given, much is required. The potentialities of

the motion picture as a source of amusement, which is necessary,
and a moral influence and educational factor are limitless.

"If this is so, and it is undeniable, then just as that opportunity
is great, so in like measure is the responsibility. That responsi-

bility is accepted. Our Association is dedicated to the aid of the
industry in the discharge of these obligations. It is a task that com-
mands the best efforts of every one.

"With an appreciation of this industry's importance in the
business world and a full knowledge of its own great future, yet in

that spirit of humility which recognizes difficulties and limitations,
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this Association takes up its work in the confidence born of the
knowledge of its own earnest purpose, and with the conviction

that we will have the sympathy and co-operation of all those con-

nected in any way with the industry itself and the co-operation and
sympathy of the public, whose servant the industry is."

Engineering Data

A Bulletin1 has just been issued by the Engineering Department
of the National Lamp Works of the General Electric Company
covering motion picture projection with Mazda lamps. This Bulle-

tin is a very complete treatise on the principles of projection, proper-

ties of component elements such as light source, mirrors, lenses,

aperture, shutter, screen, etc., illumination of the auditorium, in-

candescent lamp projection equipment, etc.

A Bulletin2 has been issued by the Edison Lamp Works of the
General Electric Company covering projection by incandescent
lamps. This Bulletin is a complete treatise on the motion picture

projection by incandescent lamps covering such items as advantages
of projection with incandescent lamps, a comparison of the incan-

descent and arc lamps, a description and explanation of the opti-

cal train, focusing attachments, converters, method of focusing,

discussion of screens with other engineering data.

Publicity

The Publicity Committee reports that through the kindness of

several of the Trade Papers, they have received considerable publicity

for the Society and that meetings have been held with the Labora-
tories Association on Standardization of Film Densities under
Laboratory procedure. A meeting is proposed with the Motion
Picture Directors Association and the Association, of Cinematog-
raphers in regard to problems covering photography in the motion
picture industry. Mr. Kroesen has requested Mr. W. H. Haddock,
Secretary of the Motion Picture Association, to have the Association

send a representative to our Convention. Mr. Colin M. Williamson
of this Society and member of the Publicity Committee is conferring

with the City of Birmingham, England, on several points in regard

to motion picture projection. The Publicity Committee also reports

that our transactions are finding many uses as a basis from which the

City of Birmingham makes standards.
Propaganda has been successfully submitted to the following

Societies for the standardization of their product.
Association of Film Laboratories
Motion Picture Theatre Owners Association

Motion Picture Directors Association
Up to the present time we have gone so far as to get our standard-

ization Committee in touch with the Association of Film Labora-
tories of the United States with the idea in view of standardizing

film densities at some future date. Dr. Wm. E. Story of the Re-

1 Bulletin 33-A, March 15th, 1922, Motion Picture Projection of Mazda
Lamps, by H. H. Madgsick and C. E. Egeler.

2 Bulletin LD107-A, March, 1922, The Edison Mazda Lamp for Motion
Picture Projection, by J. A. Summers.
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search Laboratory, General Electric Company and Chairman of the
Standardization Committee, gave a very interesting talk to the
owners and operators of the Laboratories at a banquet the other
day at Hotel Astor and aroused their enthusiasm very much on the
subject of standardization.

Committee on Patents

The new Lambert bill has been passed in Washington, giving us
about two hundred more examiners, at a slight increase in salaries,

and raising the filing fees to Twenty Dollars. Propaganda has been
started to increase the salaries of the employees of the Patent Office

to a much higher degree, so that efficient men can be retained. The
present bill is in no way adequate and will result only in taking young
men who will surely resign and take positions which are open at a
much higher salary and thus we will have inefficiency again in the
Patent Office.

Standards

The Committee on Standards reports that consideration is being
given to the size of lens barrels, also this Committee has endeavored
to interest Film Laboratories in the standardization of density in

printing motion picture films and to this end a Paper was read before
the Allied Film Laboratories Association. This Paper will probably
be printed in the Motion Picture World and is to appear in the
American Cinematographer.

Camera

A camera has been devised by the Prisma Company which
takes two identical pictures simultaneously. Mechanical features of

advantage in color photography are also incorporated in the camera.
The new features are designed to give all the exposures possible

and steadiness in the negative records.

Pocket Movie Machine

A new pocket-clock work movie3 has been developed and manu-
factured in France called the "SEPT," consisting of a small camera
with clock work attachment for the movement of the film. The
camera can be held in the hand and can be operated without the use
of a tripod or crank. Fifteen feet of standard film can be exposed
without reloading. The camera is equipped with the daylight

loading attachment. This camera will take either a single instan-

taneous exposure, a time exposure or a motion picture. By pressing a
button the entire fifteen feet of film will be run off in standard time.

It weighs about four pounds, measuring five inches by 2% inches

by four inches, the lens operating at F 3.5 and costs about $225.

The revolving shutter is not variable but fixed at approximately
1/40 of a second exposure, therefore the light control is entirely at

the lens diaphragm.
Another pocket camera has been placed upon the market in

which 25 feet of film is available without reloading. It is thought

3 Abstract of new pocket-clock work movie, American Cinematographer,
April, 1922.
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that this camera may prove of considerable value in gathering news
pictures in such places where tripods are not feasible.4

Continuous Movement Camera and Projector

Work on the continuous movement motion picture film through
motion picture machines has of late shown considerable progress.

In the motion picture machine a running film has been translated

into a fixed picture on the screen and this machine is now being pre-

pared for production.

A high speed camera involving this principle of continuous
motion has been perfected in which pictures were made this summer
at the rate of 1600 exposures per second. Orders have been placed
for machines of this character for the solution of problems requiring

high speed cinematography.
It is reported that the successful solution of the continuous

motion picture problem means safe and practical motion pictures

for the home. This apparatus consists of pictures arranged peripher-

ally on a plurality of lithographed paper discs fastened together in the

center. A 12-inch record 9/16 inch thick containing the equivalent

of 1000 feet of standard motion picture film, the picture on the record

being the same size as standard motion picture frames. This machine
also is being put in shape for volume production. The machine itself

resembles a Victrola and the pictures produced are about four feet

wide.

This same principle is also being used as a direct-reading ground
speed meter by the United States Navy.

Progress has also been made by Mr. Jenkins in the develop-

ment of prismatic ring camera projector. This principle is being used
in a Stroboscope for direct vision view of rapidly moving objects.

By the use of a proper speedometer attachment it is possible to give

a direct reading of the speed of the object examined.
The discs are also being used in the development of mechanism

for the transmission of pictures by radio, ultimately motion pictures. 5

Film
A new fireproof film6 has been reported as an invention by

Gustav Schaff, a Berlin Engineer. Ordinary celluloid films are put
through a process of impregnation which renders them absolutely

uninflammable. Fire makes them melt but they do not burn. An
experiment reported shows a fifty-foot reel of film thrown into an
open fire and left there for a certain time with only a few inches

melted, the rest remaining intact. The experiments have shown that

the impregnated films were no different from the ordinary films in

other respects.

Emulsion
New high speed emulsion film has been placed on the market by

the Eastman Kodak Company which the Committee hopes will be
described in detail by Mr. Blair. 7

4 Communicated by A. F. Victor.
5 All of the above in reference to continuous movement cameras and pro-

jectors supplied by C. Francis Jenkins.
6 New York Herald Bureau, Berlin, March 4th, 1922.
7 Suggested by A. F. Victor.
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A high speed panchromatic emulsion giving a 100 per cent more
exposure has just been developed. This, in connection with a camera
developed by the Prisma Company, makes it possible to photograph
interiors by artificial light or exteriors on cloudy days.

Color Motion Pictures

Eastman Kodachrome Process—CapstafFs Process—A typical

two-color subtractive process is that worked out by J. G. Capstan"

in the Research Laboratory of the Eastman Kodak Company. In

order to apply this to motion-picture work, the negatives are taken

in a camera in such a way that red and green pictures are taken suc-

cessively, one below the other. From this strip of negative film, a

master positive is made, and this is then printed by means of a special

projection printer upon opposite sides of double-coated film. In this

projection printer, the red positive is projected onto one side of the

film and simultaneously the green picture onto the other, the images
being slightly displaced vertically so that they exactly register one
on top of the other on opposite sides of the film. The emulsions

being exactly the same and the light intensities the same, there is

no difficulty in obtaining equal results in the two pictures, and the

strip is then developed and fixed for the two pictures, and without
further delay is passed into the bleach bath, which bleaches the silver

and locally hardens the gelatine where the silver was present. The
silver is then fixed out, leaving a clear coated gelatine strip of film

bearing the images in the form of hardened gelatine on both sides.

The two sides are then dyed by passing through a dyeing machine,
the side containing the pictures taken through the red filter being

dyed blue-green and that through the green filter, red. On viewing

the film so prepared, a two-color subtractive picture is seen, which,

being on standard film, can be run in any machine in the same way
as black and white. 8

Colored Photo-Drama—The first complete photo-drama, using

colors in positive (The Glorious Adventure) has been produced by the

Prizma Company in London and was presented in March. It first

appeared in New York in April.

Many new reels of colored films have recently been produced.
More than 300 miles of colored positive are now running regularly

in theatres in this country and England. These make up two com-
plete photoplays in colors, five feature travel stories and many
selected subjects of educational value for use by colleges, schools, etc.

Techni Color—An exhibit of Techni color was made in New York
recently, but no disclosure of the technical problems involved was
given out.

Talking Pictures

Radio Talking Pictures—A system of radio talking pictures is

reported consisting of an arrangement whereby the films throughout
the different cities are synchronized with a central Radio Station in

which the actors accompany the master film in a broad-casting

8 Dr. C. E. Mees, Photo-Miniature, July, 1921.
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station. By the use of loud speaking 'phones the pictures at the
theatres are accompanied by the actor's voice. This system was
invented by Harry J. Powers, Jr., connected with the Erlanger
Theatre interests with headquarters at the Colonial Theatre,

Chicago. 9

Cinemaphone

An apparatus consisting of a home motion picture projector

with translucent screen 16 by 22 inches, has recently been developed.

This cabinet much resembles the modern cabinet phonograph.
Connected in the same cabinet is a phonograph attachment for

musical accompaniments; apparently no effort is made to synchro-

nize the music with the action. 10

Films That Talk

New Swedish pictures have been developed by Mr. Bergland
and recently demonstrated. The method of reproducing the sound
is by focusing the light from a narrow source upon the film, allowing

the light which penetrates the film to fall upon the Selenium cell

connected with a battery and telephone receiver. It is usually

necessary to amplify the telephone currents by means of the Ther-
mionic valves. 11

Objective

Much progress has been made of late on the No. 2 objective for

use with the 900-watt Mazda projection lamp. With the new units

screen definition is obtainable comparable with the best results

previously secured with the higher grade No. 1 lenses.

Carbon Arcs

High Intensity Arcs—Recent developments in this line include the
elimination of the radiating head which has been replaced by asbestos

plates which act as guides for the carbons also as thermos and
electrical insulators. The electrodes are provided with two contacts

operating on the sides of the carbons. In this arrangement there

is no possibility of serious corrosion on the contact faces and the

slight movement permitted makes them almost self-cleaning. In
this method plated carbons are used and introduce the current

through the clamp. Lamps so manufactured have been in successful

use in a number of the theatres several months. All new lamps are

now so equipped.
The standard ratings up to the present time have been 75

amperes, using 11 mm. carbons; the new lamps 50 amperes, 9 mm.
carbons and 100 amperes with 13.6 mm. carbons.

This high intensity arc principle has also been applied to large

studio lights operating at 150 amperes and studio spot lights operating

at 50, 75, 120 and 150 amperes. Other minor improvements have
been made to prevent mirror breakage, increase rigidity and strength

9 American Cinematographer, April 1st, 1922.
10 Los Angeles Times, October 16, 1921.
11 Science and Invention, Literary Digest, December 23, 1921. .
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and in general make the lamps more adaptable to the latest require-

ments of studio technique. 12

Report of Present Standard Carbon Trims for High Intensity

Projection Arcs

This report to be submitted at the May meeting of the Society of

Motion Picture Engineers by the Progress Committee will cover

only the carbon developments and present standard trims used for

high intensity arc projection.

For the new model General Electric Company's high intensity

projection arc the following trims have become the recognized

standard in the motion picture projection field.

Columbia
Lamp

Amperage
Rating Direct

Current

Point

of Highest
Efficiency

' Current Operating

Positive Carbon
Sizes Min.

Range,
Max.

13.6 m/m X 18" Cored
11 m/mX 18"Cored
9 m/mX 18" Cored

100 Amps.
75 Amps.
50 Amps.

110-120 Amps.
75- 80 Amps.
50- 55 Amps.

96 Amps.
70 Amps.
45 Amps.

120 Amps.
85 Amps.
60 Amps.

The negative carbon used with the above tabulated Columbia
flame cored positives are as follows:

7/16 X 9" Columbia Cored special silvertip to be used with the

13/6 m/m cored positive with a current operating range from
95-120 amperes.

3/8 X 9" Columbia cored silvertip to be used with the 11 m/m
cored positive with current operating range from 70-85 amperes.
11/32 X 9" Columbia cored silvertip to be used with a 9 m/m
cored positive with a current operating range from 45/60
amperes.
The point of highest efficiency from a screen illumination view-

point is obtained by operating the proper combinations within

approximately 5 amperes of the maximum current recommended for

the lamp in use.

To operate the present designed G. E. high intensity projection

arc lamps at varying amperages it is necessary to change the carbon
diameters to maintain the highest efficiency. To attempt to operate

these lamps with a greater current variation than the maximum or
minimum for the carbon sizes as tabulated in this report would mean
a great sacrifice in efficiency and give very unsatisfactory results

from a projection standpoint.

In order to use the different size carbon combination for varying
amperages for the G. E. lamp it is necessary to change the positive

and negative carbon clamps, the positive carbon contact shoes, and
the positive and negative asbestos baffle plates. The manufacturer
of this lamp advises these parts can easily be changed by the pro-

jectionist in charge of equipment, and with the exception of the

changeable parts mentioned the balance of the G. E. high intensity

12 Presented by A. D. Cameron.
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projection arc lamp is identical for amperages ranging from 45-120
direct current.

The Simplex Sun-Light Arc high intensity projection lamp
operates successfully with the following standard carbon:

Combination Lamp
Amperage Rating
Direct Current

Columbia Positive

Carbon Size
Columbia Negative Size

Silvertips

85-120 Amps.
75- 85 Amps.

13.6 m/mX 18' 'Cored
11 m/mX 18" Cored

3/8X6" Cored Silvertips

11/32X6" Cored Silvertips

The best operating results and highest efficiency with the
13.6 m/m cored positive and 3/8 X 6 cored silvertip negative in the
Simplex Sun-Light Arc lamp is obtained when operating lamp at from
105-110 amperes direct current.

While the 75-ampere Simplex Sun-Light high intensity lamp has
just recently been made a commercial proposition there is no ques-
tion but what this lamp will operate at its highest efficiency with the
11 m/m trim recommended, when using in neighborhood of 80
amperes direct current. The carbon question for these lamps has
passed the experimental stage in America. The National Carbon
Company, Inc., through their engineers and research staff have
perfected and developed the combinations submitted in this report,

which have been accepted as standard trims by the General Electric

Company, and Sun-Light Arc Corp. makers of the present marketed
high intensity projection arc lamps.

New Projection Lamps
A new projection lamp has been developed for 110 to 120 volt

service, 250-watt in a T-14 bulb and placed on the market April

1st. This now gives a range available in tubular bulbs from 250
to 1000 watts for standard lighting circuits. In these bulbs are

incorporated the latest features of design including the use of the

small bulb and the employment of the monoplane filament con-

struction, which latter is also used in the 28 to 32-volt, 300 to 900-

watt sizes, and the 110-120 volt lamps of 400 watts and below.

Motion Picture Screens

The Multi-Power Screen is made by indenting the surface of

highly polished metal sheets. The indentations or "elements" are

shallow, of mathematical curvature and degree, and uniformly

distributed over the surface. The function of each element is to

reflect the minute spot of picture light received upon it to a viewing

area of given shape and size, the effect of the screen as a whole being

equivalent to the combined effect of all the elements. The principle

is analagous to that of a searchlight in that the intensity of the

reflected light is governable by varying the angles of curvature

—

hence the dispersion of the element. Surfaces provided with 10 to

120 elements per sq. in. and of a brightness 6 to 50 times that of plaster

have been produced; these were, however, built for outdoor advertis-

ing work and are unsuited for close viewing. A machine now nearing
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completion will, it is hoped, produce dies for a surface having 1000

ellipsoidal elements per sq. in. with a normal brilliance 20 times that

of white plaster, the light being toned down at the sides of the view-

ing angle. On account of the fineness of grain, this surface should

appear smooth at a distance of six ft. and sharply delineate the pro-

jected picture. 13

Trans-Lux Screen

A new system employing the rear projection and the use of the

Trans-Lux screen has been brought into existence and had several

exhibitions in New York. It is not conclusively proven that this

system of projection is destined to become a large factor in the

development of motion pictures, it being still too early to demon-
strate whether a completely lighted auditorium is a sufficiently

important advantage to off-set the complete change required when
pictures are projected in this manner. The disadvantage of this

system is a short focus lens or the necessity of lengthening the throw
by the use of mirrors, as suggested by Mr. A. F. Victor. A dem-
onstration of this method was made in the Eltinge Theatre in

New York City several months ago.

Synchronous Converter

A new synchronous converter for use with 900-watt Mazda
lamps has just been developed. The apparatus converts D. C. into

A. C. With the converter is used a conventional A. C. regulator

with manual-control. The overall efficiency of the converter and
regulator is about 72 per cent. The initial cost is somewhat higher

than for a rheostat but the saving in power bills is sufficiently great

to off-set the expense in the first six months of operation. The
converter is wound to deliver two-phase, 25-cycle to an alternating

current regulator and is capable of operating two 900-watt lamps
connected in multiple, one on each phase. It is compound wound
and has an efficiency of about 76 per cent. The saving in energy
with this device is from two to five kw. depending upon the circuit

used. 14

Switchboards

Progress has been made of late in the construction of dead front

switchboards for use in studios. The switchboards are composed
of the standard dead front switches which cannot be opened except
when the switch is in the off position, thus eliminating the pos-

sibility of persons accidentally coming in contact with live parts.

13 Contributed by Mr. Paul L. Clark.
14 Contributed by Mr. C. A. B. Halvorson.
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REPORT OF RECIPROCAL RELATIONS COMMITTEE

NO INDUSTRY is more international in its scope than that of

the motion picture. The motion picture invading every known
corner of the earth speaks a universal language and is under-

stood by all. A picture made at Hollywood finds appreciation and
understanding in the polar regions as well as the South Sea Islands.

Film and apparatus are manufactured in most countries possessing

any degree of industrial enterprise, and the product is almost in-

variably exported due to the economic necessity of larger circulation

than is offered by home consumption only.

A projector made in New York meets a reel of film made in Paris,

and in order that the product from the two cities may work har-

moniously when they meet in Shanghai, Samarkand or Damascus,
they must fit or, in other words, be standardized.

Even before the Society of Motion Picture Engineers began its

work, a fairly accurate degree of standardization had been attained.

Such a standardization had been secured, however, only after a
great deal of lost effort to many manufacturers who did not make
apparatus or film in accordance with the measurements ultimately

adopted.
Loss of time and money was the penalty of a method, based on the

survival of the strong. A repetition of such automatic selection of

methods has become unnecessary, since organizations for the purpose
of standardization exist.

New apparatus entering the projection room, laboratory, or

studio, may now be standardized from their inception and former
mistakes may be avoided.

The Society of Motion Picture Engineers has become recognized

as an authority on these matters, and its findings and recommen-
dations are closely followed by the trade.

The United States is not, however, the only country concerned in

this matter. Since the industry is world wide, adoption of standards

must also be world wide.

It is the task of the Reciprocal Relations Committee to establish

contact with and bring into relation with our own, societies formed
in other countries.

England

An association formed for purposes similar to the Society of

Motion Picture Engineers now exists in London, known as The Incor-

porated Association of Kinematograph Manufacturers, Ltd., with

headquarters at 167-169 Wardour Street, London, W.
The subject of standard of dimensions for cinematograph film was

first discussed by this association as far back as February, 1907. At
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that time it was found, on comparing perforations of films of dif-

ferent makers, that there was small but important differences, and
with the object of ensuing uniformity in film dimensions, certain

measurements which had been found in accordance with average
practice were submitted to the members, and were generally adopted.
For some time past it had been felt by the manufacturers of apparatus
that the time was ripe for the adoption of a more comprehensive and
definite standard than had formerly been the case.

On December 17, 1919, a meeting was called for the purpose of

discussing the matter, when Mr. Arthur Newman gave an address

on the subject and demonstrated by means of lantern slides the

wide differences existing between certain makes of films.

At that meeting, which was attended by all the British manufac-
turers (or their representatives) of Kinematograph apparatus, it was
unanimously decided that the question of kinematograph standards
should receive more detailed consideration, and a Standards Sub-
Committee was set up to deal with the matter.

The Report and Recommendations of the Sub-Committee were
submitted at a general meeting of the Association held on October
12, 1920, and were unanimously adopted.

The preceding has been practically copied from the preface of

the booklet "Standard Measurements/' which also contain the fol-

lowing statement:
"The Sub-committee has also been in correspondence with the

Society of Motion Picture Engineers, of the U. S. A., and have con-

sidered very carefully the transactions of that Society, covering the
last four years. It is hoped that the standards herein submitted may
in course of time become the standards throughout the world, so that

no matter what make of film or projector may be used, they will be
interchangeable in every country where the Kinematograph is used
either for the educational or social welfare of its people.

"(Signed) J. Brooke Wilkinson, Sec'y"

The Chairman of your Committee recommends to the Commit-
tee on Standardization a careful perusal of the booklet "Standard
Measurements"; especially in view of the fact that some measure-
ments adopted by the Incorporated Association of Kinematograph
Manufacturers differ slightly from those adopted by our own Society.

Steps should be taken to immediately remove all possible dif-

ferences. In many cases the measurements differ so slightly that
tolerances permitted in manufacture will cover the slight variations,

so that for all practical purposes the differences will not prove a hard-
ship.

Germany

A society with headquarters in Berlin, under the name of the
"Deutsche Kinotechnische Gesellschaft," has been formed for the
purpose of promoting the progress of matters relating to kinematog-
raphy.

Your Committee does not, as yet, know whether standards
have been formulated by this society, but is obtaining this inform-
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ation and will undoubtedly be able to submit a complete report at

our next meeting.

Sweden

A Swedish Society—Svenska Kinematografiska Sallekapet—with
headquarters in Stockholm is, at the present time, receiving the
Transactions of the Society of Motion Picture Engineers and cor-

respondence has been established with the organization through
Mrs. Dagmar Waldner, Librarian of the Society.

The Swedish Society is not engaged in standardization, but is

chiefly interested in the application of motion pictures to educational
purposes. It has, however, a unique feature which other societies

would do well to copy.

It has, as far as your chairman knows, the only library dealing

exclusively with motion pictures. The credit for having brought
this library into existence is due to the efforts of Mrs. Waldner.

France

No data has been secured which may be reported at this meeting,
but your Committee hopes to have some information to offer shortly.

Your Committee has the following recommendations to offer:

1. That an exchange membership be created whereby the chairman
of the Reciprocal Relations Committee be permitted to exchange
membership in other societies for membership in our own. Such
memberships to other societies should become part of the chair-

manship of the Reciprocal Relations Committee so that successive

chairmen may automatically become members of other societies

when changes are made in chairmanship.
2. That booklets be printed in several languages, containing the

standards and recommended practice adopted by our Society,

as well as giving the purposes of our organization. Possibly a
Book of Standards, which should be issued by us, could be trans-

lated for this purpose.

3. The establishment of a library of books and periodicals on all

matters pertaining to the motion picture industry. The feasibility

of such a library depends upon the problem of securing a place

for such books and periodicals where members of the Society as

well as the general public may be able to obtain data and infor-

mation. There is, as far as we know, no such library existing in

this country, and its need has frequently been demonstrated to

your chairman while he acted as Secretary of the Society. It is

possible that some library at present in New York may be willing

to house and furnish the facilities for a collection of material.

Such publications and printed matter as are now secured through
the Reciprocal Relations Committee would be entirely wasted
if not in some manner put at the disposal of all members of the
Society.

A. F. Victor, Chairman
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REPORT OF THE SAFETY COMMITTEE

A MOST decided step to lessen the danger of fire from the use
of inflammable film on portable projectors is the introduction

of heat resisting or heat reflecting glass into the light beam.
In the case of non-inflammable film, while there is no fire hazard,

the use of one of these substances lessens the danger of injury to the
film if it is stopped on the picture. In some machines, the glass is

being used as a fire shutter while in others it is a permanent instal-

lation.

There are advantages and disadvantages of both methods.

1. Permanent Installation

Where the glass is put in so as to cut the light beam at all times,

the danger of the film burning at the aperture is eliminated. The
disadvantage of this, however, is that the amount of light from a
given illuminant is also somewhat reduced. The percentage of

reduction varies greatly. The manufacture of either heat resisting

or heat reflecting glass for this purpose is a new developement and
the product of various manufacturers or even of the same manu-
facturer at different times is not uniform.

2. Incorporated with the fire shutter.

The use of one of these substances in the fire shutter has the

advantage of not cutting down the screen illumination while the
machine is in operation but, of course, has no advantage over the
metal shutter in preventing ignition at the aperture.

3. An advantage of either method of introduction of either type
of glass is that it makes possible the stopping of the film and the

showing of a satisfactory still picture.

The committee would suggest that some time in the not distant

future, say at the next meeting, a paper on this subject be given to

the Society as we feel that the matter will shortly develop suf-

ficiently so as to warrant a much fuller discussion than can be given

in this brief report.

The committee has had two meetings previous to the meeting
of the Society and several matters have been discussed but the

consensus of opinion was that the matters were outside of the

jurisdiction of the Society or else had not been sufficiently developed
to warrant a report of this meeting.

L. E. Davidson, Chairman
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REPORT OF COMMITTEE ON STANDARDS

THE work of the Committee on Standards has fallen chiefly along
six lines, which are reported below. Of these the first has
been regarded as being within the province of the Committee

on Standards alone. In the other five lines the Committee has
referred the matter to the Committee or Committees especially

interested, and with a request for recommendations. This has been
done from no desire to avoid either labor or responsibility, but
because it was thought that the specialists composing the various
committees would be able to give far better suggestions, each in his

own line, than any single committee covering the entire field.

I. Proposed Changes in the Report on Standards Appearing
in the Transactions of May, 1920

As was brought out at the last meeting, a special committee
of the American Engineering Standards Committee, composed largely

of members of our Society, met last September to consider the
adoption of the standards of the Society of the Motion Picture
Engineers by the American Engineering Standards Committee.
These standards were presented in the form appearing in the Montreal
transactions. After considerable discussion the whole matter was
referred back to this Society for reconsideration, with the suggestion

that the form in which the standards were presented should be
changed, so as to separate standards purely dimensional, from
recommended practice. It was also suggested that definitions be
omitted from the list. The Standards Committee drew up a form
which seemed to comply with these requirements, and sent this to

our president, with the suggestion that he have copies sent to each
member of the Society, in order that each might have an opportunity

to mature and formulate his ideas on this important matter before

discussion at this meeting. Unfortunately, this work was finished

but a short time ago.

The Committee on Standards, then, presents to the Society

the five following propositions

:

A. Following the suggestion of the Engineering Standards
Committee, it is proposed that the report be divided into two
parts as follows :

l

(a) Dimensional Standards

(1) Lantern slide mat opening. Three (3) inches wide
by two and one quarter (2J^) inches high.

(2) Perforated motion in picture film (See cut).

Standard Safety

1 The dimensions are the same as those already adopted, the changes being
in arrangement only.
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(a) Width 1.375 inch 1.102 inch
(b) Width between cen-

ters of sprocket
holes 1.109

U2
.874 "

(c) Number of sprocket
holes per foot of

film 64 3 61 "

(d) Sprocket holes on
the two sides of the
film shall be direct-

ly opposite each
other

(e) Each sprocket hole

shall be that part of

a circle contained
between two cords
of equal length per-

pendicular to the
length of the film

Diameter of circle. . .110 " .087 "

Distance between
cords 073 " 4 .063 "

SafetyStandard F/lm
AdoptedbySoc. Mot. Ffclngs. April19/6

uoz"
-.674'-

-+V—-A
1 ) .063

.748-*

Stat/dard Filat
Adoptedby Soc. Mot Pic. En^s. Ja/y/9/7

- t.375 - -

Y U09" -j

CD CD

cb -4-
jCD c^

|

cd CD

1 CD CD

\cp -~c\ y-

l

$\ Jj*

b

.L

J073

\-.9060"- +
i

2 The Incorporated Association of Kinematograph Manufacturers (Lon-
don) has adopted as standard 1 . 110 inch for this dimension.

3 The English standard is 64 holes for each 11 15/16 of film length.
4 The English standard is .072 inch.
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(3) Motion picture aperture.

(a) Standard film. Ninety hundred and sixty

ten-thousandths (.9060) of an inch wide by
sixty-seven hundred and ninety-five ten-

thousandths (.6795) of an inch high.

(4) Frame line

(a) Standard film. The frame line shall be half

way between two successive perforations

on each side of the film.

(b) Safety standard film. Frame line shall pass
thru the center of a perforation on each
side of the film.

(b) Recommended Practice

(1) Projection angle. Should not exceed twelve (12)

degrees.

(2) Projection lens mounting. Should be such that
light from all parts of the aperture shall have an
uninterrupted path to the entire surface of the lens.

(3) Projection Lens Focal Length. Tolerance not to

exceed one per cent of that indicated.

(4) Take-Up Pull. Should not exceed fifteen (15)

ounces at the periphery of a ten inch reel, or six-

teen (16) ounces on an eleven inch reel.

(5) Thumb Mark. The thumb mark on a lantern

slide should be located in the lower left hand
corner next the reader, when the slide is held so

that it can be read normally against a light.

B. It is proposed that the following terms be referred to the
Nomenclature Committee as being merely definitions.

(1) Intermittent Gear Ratio

(2) Lantern Strip

C. It is proposed that the following terms be at present omitted
for the reasons noted.

(1) Projection Lens Foci

—

(a) Wrong use of word "foci."

(b) No lower limit set.

(c) Standardization will not affect manufacture
in any way.

(2) Reel
(a) Objection has been raised to these di-

mensions.
(b) One of the dimensions given is never used in

practice.

(3) Projection Lens Opening
(a) Word "opening" too vague.
(b) The lens barrel is the thing for which a

standard diameter would be beneficial.

(4) Leaders and Trailers

(a) Transparent colored trailers are not in use,

nor are they desirable. (See substitution

offered in E below.)
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(5) Projection Lens Height. Projection angle not
specified. 5

D. It is proposed that the following term be added under
Dimensional Standards, Motion Picture Aperture:

(1) Safety Standard Film. Seven hundred and forty-eight

thousandths (.748) of an inch wide by five hundred
and fifty-one thousandths (.551) of an inch high.

E. It is proposed that the following recommendation be sub-

stituted under Recommended Practice for that appearing in

the previous transactions.

(2) Leaders and Trailers. Shall be opaque (may be
colored as well) with markings embossed in them. In a
multiple reel story each trailer and the leader immediately
following shall be marked with the same title.

II. Film Density

At the last meeting of the Society, the Committee was directed to

investigate the question of film density. This matter was referred

to the Committee on Films and Emulsions for comment. It sug-

gested interesting the Film Laboratories and offered facilities for

testing. At the instigation of the Publicity Committee a brief talk

was given at a banquet of the Allied Film Laboratories Association

in an effort to obtain the interest and cooperation of this branch
of the industry. This talk has been sent to the Motion Picture News
and to the American Cinematographer at their request, to interest

other branches, if possible. At a meeting of a special committee of the
Motion Picture Directors Association and the Standards Committee,
the matter of film density was discussed and it is hoped that further

action will be taken by this Society in the near future. The Commit-
tee on Standards would like to take this opportunity to express its

appreciation of the work of the Publicity Committee in arranging
for this meeting, as well as that with the Allied Film Laboratories

Association.

Ill . Core Size

The size of the core on which raw film stock is wrapped has been
brought to the attention of the Society a number of times. Letters

requesting recommendation of dimensions have been sent to the
Committee on Cameras, on Films and Emulsions, and on Labora-
tories. No definite suggestions have as yet been made, tho from copies

of letters received, there is still interest in the standardizing of these

cores.

IV. Reels

The Committee has called the attention of the Projection

Machines Committee to the discrepancy between the reel dimensions
as given in the Montreal transactions, and those in universal use.

This was pointed out in the report of the Special Committee of the

American Engineering Standards Committee. The Projection

Machines Committee has this matter still under consideration.

5 Not considered by Committee at its meeting.
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V. Lens Barrels

The matter of the standardization of the external diameters
of lens barrels has been referred to the Projection Machines Com-
mittee and to the Optics Committee. The Optics Committee has
recommended two and one thirty-second (2 1/32) of an inch for

number 1 projection lens, and two and twenty-five thirty-seconds

(2 25/32) for a number 2 lens. Owing to the wide variation of

interests, the Projection Machines Committee has as yet been un-
able to come to any decision. In fact, there seems but little chance of

a unanimous agreement on these dimensions, tho the desirability of

such an agreement is universally admitted.

VI. Notching Distance

This dimension, once so urgently brought before the Society for

standardization, has been temporarily laid on the table pending
patent settlements.

W. E. Story, Jr., Chairman

Action of the Society on the Report of the Committee on Standards

The various items in the report of the Committee on Standards
were taken up individually and discussed at length. A vote was then
taken on each item to decide whether the Society would officially

approve or reject the recommendations of the Committee. The
following list contains the items officially approved.

Dimensional Standards

(1) Frame line

(a) Standard Film. The center of the frame line shall be
half way between two successive perforations on each
side of the film.

(b) Safety Standard Film. The center of the frame line

shall pass thru the center of a perforation on each side

of the film.

(2) Lantern Slide Mat Opening. Three (3) inches (76.20 mm)
wide by two and one quarter (234) inches (57.15 mm) high.

(3) Motion Picture Aperture
(a) Standard Film. Ninety hundred and sixty ten thou-

sandths (.9060) of an inch (23.01 mm) wide by
sixty-seven hundred and ninety-five ten thousandths
(.6795) of an inch (17.26 mm) high.

(b) Safety Standard Film. Seven hundred and forty-eight

thousandths (.748) of an inch (19.00 mm) wide by five

hundred and fifty-one thousandths (.551) of an inch

(14.00 mm) high.

(4) New Perforated Motion Picture Film (See cut).

Standard Safety
Standard

(a) Width 1.375
,,(34.92mm) 1.102"(27.99 mm)

(b) Width between
centers of sprocket
holes. 1.109

/,(28.17mm) .874
,/
(22.20 mm)
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(c) Distance between
the centres of suc-

cessive sprocket

holes. .187" .1968"

(d) Sprocket holes on
the two sides of

the film shall be
directly opposite

each other.

(e) Each sprocket
hole shall be that

part of a circle

contained between
two cords of equal

length perpen-
dicular to the

length of the film.

Diameter of circle .110" (2.79 mm) .087"(2.21 mm)
Distance between cords .073 (1.85 mm) .063" (1.60 mm)

Recommended Practice

(1) Thumb Mark. The thumb mark on a lantern slide should

be located in the lower left hand corner next the reader, when the
slide is held so that it can be read normally against a light.

(2) Projection Angle. The projection angle should not exceed
12°.

(3) Projection Lens Mounting. Should be such that light from
all parts of the aperture shall have an uninterrupted path to the

entire surface of the lens.

(4) Projection Lens Focal Length. Tolerance not to exceed one
percent of that indicated.

(5) Leaders and Trailers. Shall be opaque with markings em-
bossed in them. In a multiple reel story each trailer and the leader

immediately following shall be marked with the same title.



REPORT OF THE THEATRE COMMITTEE

YOUR Theatre Committee has the honor to report as follows:

As the committee was not appointed until March 16, 1922
there has been only sufficient time to glance over the ground the

committee will presumably be expected to cover, and to select for

first consideration such things as seem to have greatest need for

attention.

The following is an excerpt from a letter sent by the chairman of

the committee to its other members

:

"May I ask that each of you suggest such things as should, in

your opinion, have first attention of the committee. My own view
is that attention should first be given such things as give promise of

yielding quickest and best returns in beneficial results. I have
myself selected the following as things meriting attention by the

committee

:

(a) Glare spots in theatres. I suggest this as worthy of imme-
diate attention because such spots are very common, and they unques-
tionably work very serious injury to eyesight; also for the reason that

such spots make the viewing of pictures unpleasant, or even painful,

hence reduce the attractiveness of the motion picture theatre to the

patron in so doing reducing box office receipts.

(b) Projection room location, because it has directly to do with

picture distortion, distortion of the picture outline and with waste of

light.

(c) Surroundings of the screen, because they have much to do
with impressions received by theatre patrons, as well as with the

excellence of the screen result itself.

(d) Light effects in auditorium, in which I believe we may expect

to receive much aid from Mr. Samuel L. Rothafel.

(e) Physical condition of films received by theatres, which is a

subject I believe the committee should give its earnest attention."

In response to this letter the members all replied, the following

excerpts containing the essential things with relation to the sugges-

tions made by the chairman.
Mr. Frank Rembusch said: "* * * I agree with you all the way

through, a, b, c, d and e, but especially as to a, b and e. I will be
glad to serve on the theatre committee and will be very willing

to do all I can to help in the work."
Mr. P. M. Abbot wrote: "* * * I think the subjects you have

suggested are good, but would like to suggest also the following for

consideration

:

(1) Standardization of general theatre illumination.

(2) Standardization of screen illumination.
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(3) Apparent distortion of picture when viewed at extreme
angle, which shows need for recommendation on sight lines.

(4) Selection of size of screen for each particular theatre."

Mr. William T. Braun wrote: "* * * In glancing over your
suggestions as to subjects to be taken up by the committee, it seems
to me that theatre lighting in general is about one of the most im-
portant, and under it would come glare spots, as well as the lighting

effects mentioned in your letter."

Major Grierson failed to comment on the matter at all, but said
"* * * Certainly I will assist in every possible way in connection
with the Theatre Committee, though it will of course be impossible
to attend any of its meetings in person."

Press of work in the final finish of a new book made it entirely

impractical for the chairman to do anything more before the meeting.
It is his intention, however, and I am sure is the intention of every
member of the committee to take our work seriously and to try
earnestly to accomplish those things the Society expects us to

accomplish. The committee would welcome such suggestions as any
member or members of the Society may wish to make, either at this

meeting or by mail afterward. We hope to be able to report some
real progress at the fall meeting.

F. H. Richardson, Chairman
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As pioneers in the manu-

facture of motion picture

film— for it was Eastman

Film that first made motion

pictures practical—the East-

man Kodak Company has

from the beginning been

identified with the success

of the motion picture in-

dustry. One could hardly

have advanced to its present

stage of development with-

out the other.

Indentifiable by the words "Eastman"

and "Kodak" in the film margin

EASTMAN KODAK COMPANY
ROCHESTER, N. Y.



The "Howellite" Movie Camera

Send

For

Illustrated

Circular

Takes 200

Ft. of

Standard

Film

Ml
Send

For

Sample

Print

of

Film

Complete with Tripod,

4 Magazines and Carry Case

$100.00

Howells Cine Equipment Co., Inc.

JOE HORNSTEIN, General Manager

740 7th Ave. NEW YORK
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Motion Picture News
729 7th Avenue

NEW YORK CITY
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Audit Bureau of Circulations

When Buying Advertising Demand an

Audited Circulation by the A. B. C.
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Good projection requires

—

Light of the proper spectral character, so that the rela-

tive values of the different parts of the picture will be

rendered correctly

.

Uniform distribution of the light over the film and

screen.

Simple and positive operation.

'"

1

H
?

} :

Use National MAZDA Motion Picture Lamps with the

G. E. Incandescent Lamp Projector to obtain the maximum
satisfaction in projection.

Over one thousand theatre exhibitors have already ob-

tained savings of from one-third to two-thirds in operating

costs with this equipment.

For further information and recommendation, write

NELA SPECIALTIES DIVISION

National Lamp Works of General Electric Company

NELA PARK, CLEVELAND
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POWER'S IMPROVEMENTS
and

POWER'S PRODUCTS

POWER'S 6B IMPROVED PROJECTOR

Power's Type E Lamp and Lamphouse

Power's Governor Type Mechanical Speed Control

Power's Multiple Coil Rheostat

Power's Roller Pin Intermittent Movement

, IMPROVEMENTS ADOPTED

Power's G E High Intensity Arc Lamp

Power's G E Incandescent Equipment

NICHOLAS POWER COMPANY
CORPORATEDEDWARD EARL., Pres.dent

Ninety Gold St. New York, N.Y.



uic Motor Generate

Two Facts—
That Sell

Westinghouse

Westinghouse Motion Pic-

ture Motor-Generators are a
reliable source of direct cur-

rent for operating the projec-

tion machine arc and fur-

ther—
With Westinghouse Equip-

ment any number of arcs of

different amperage can be
operated simultaneously—the
number being limited only by
the size of the motor-genera-
tor.

WESTINGHOUSE
Electric & Manufacturing Co.

EAST PITTSBURGH, PA.

Sales Offices and Distributors in
All Principal Cities

Ballast Rheostat

Type A Autostarter

Panel

WestinghouseW W MOTION PICTURE O THEATRE EQUIPMENT
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There is an Edison Mazda Lamp for every

class of projection work.

Our experience and engineering facilities are

at your service.

Edison Lamp Works

i

General Electric Company

Harrison, N. J.
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